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(54) Title: GENETIC SILENCING 
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1^ (57) Abstract The present invention relates generally to a method of inducing, promoting or otherwise fecilitating a change in 
^ the phcnol)pc of an animal ceD or group of animal cells including a animal comprising said cells. The modulation of i*cnotypic 
^ expression is conveniently aocomi^ished via genolypic manipulation through such means as reducing txanslation of txansa^ to 

Oprotdnaccons product The ability to induce, promote or otherwise facilitate the fencing of expressible genetic sequences provides 
a means for modulating the phcnotype in, for exanq)le, die medical, veterinary and the ammal husbandry industries. Expresable 
^ genetic sequences conten^Ialed by the presem invention tnchiding not only gews normally resident in a particular animal cell (i^. 
^ indigenous genes) but also genes introduced through recombinant means or dnoogh infection by pathogenic agents such as viruses. 
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GENETIC SILENCING 

FIELD OF THE INVENTION 

5 The present invention relates generally to a method of inducing, promoting or otherwise 
fiacilitating a change in the phenotype of an animal cell or group of animal cells including a 
animal con^)rising said cells. The modulation of phenotypic expression is conveniently 
accomplished via genotypic manipulation tinough such means as reducing translation of 
transcript to proteinaceous product The ability to induce, promote or otherwise facilitate 

10 the siloicing of expressible genetic sequences provides a means for modulating the 
phenotype in, for exanq)le, the medical, veterinary and the animal husbandry industries. 
Expressible genetic sequences contemplated by the present invention includiug not only 
genes normally resident in a particular animal cell (i.e. indigenous genes) but also genes 
introduced througji recombinant means or through infection by pathogenic agents such as 

15 viruses. 

BACKGROUND OF THE INVENTION 

Reference to any prior art in fbis specification is not, and should not be taken as, an 
20 acknowledgment or any form of suggestion that fliis prior art forms part of the common 
general knowledge in Australia or any o&er country. 

BibIiogrq)hic details of the publications referred to by auflior in flris specification are 
collected at the aid of flie description. 

25 

The inoeasing sophistication of recombinant DNA techniques is greatly facilitating 
leseardi and development in flie medical and veterinary industries. One inq)ortant aspect 
of recombinant DNA technology is the development of means to alter flie gesiotype by 
modulating expression of genetic material A myriad of desirable phraotypic traits are 
30 potentially obtainable following selective inactrvalian of gene e3cpressiQn. 
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Gene inactivatioii, that is, the inactivation of gene expression, may occur in ciy or in trans. 
For cis inactivation, only the target gene is inactivated and other similar genes dispersed 
fhiougjiout the genome are not aflfected. la contrast, inactivation in trans occurs when one 
or more genes dispersed throu^out the genome and sharing homology with a particular 
5 target sequence are also inactivated. In the literature, the temi "gene silencing** is 
fiequenfly used. However, this is generally done without an ^preciation of whettier the 
gene silencing events are enable of acting m trans or in cis. This is relevant to the 
commercial e3q)loitation of gene silencing technology since cis inactivation events are of 
less usefidness than events in trans. For example, there is less Hkelihood of success in 

10 targeting endogenous genes (e.g. plant genes) or exogenous genes (e.g. genes from 
pathogens) using techniques which promote ciy inactivation- Furthennore, in instances 
where gene mactivation is monitored using a marker gene, it is frequently not possible to 
discriminate between cis and trans inactivation events. There is, therefore, confiision in the 
literature regardmg flie precise molecular mechanisms of gene inactivation (Gairick et al, 

15 1998; Pal-Bahdra et al., 1997; Bahramian and Zarbl, 1999). 

The existing literature is extremely confiised as to mechanisms of gene inactivation or gene 
silencing. For exanq)le, flie term "antisense" is used to describe situations where genetic 
constructs designed to express antisense RNAs are introduced into a cell, the aim being to 
20 decrease expression of that particular RNA, This strategy has bem widely used 
©qjerimentally and m practical qiplications. The mechanism by which antisense RNAs 
function is generally believed to involve daplcK formation betwem the endogenous sense 
RNA and the antisense sequences wbkix inhibits translatioa There is, however, no 
unequivocal evidence that this mechanism occurs at all m higher eukaryotic systems. 

25 

The term "gene silencing^' is frequently used to describe inactivation of the expression of a 
transgene in eukaryotic cells, Tb&e is mudi confiision in flie literature as to flie mechanism 
by wfaidi tfiis occurs, aMioug|i it is generally believed to result from Iransaiptional 
inactivation. H is unclear ^elher this particular mechanism has any great practical utility 
30 since flie ejqwession of Qie gene itself is inactivated, Le. fliere is no trans inactivation of 
other genes. 
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In plants, flie term "co-siqjpression" is used to describe precisely situations where a 
tiansgene is introduced stably into flie genome and expressed as a sense RNA. 
Surprisingly, expression of such transgene sequences results in inactivation of homologous 
5 genes, Le. a sequmce specific trans inactivation of gene expression (N^oli et al, 1990; 
van der Krol et aL, 1990). The molecular phenotype of cells in which this occurs is well 
described in plant systems: a gene is transcribed as a precursor mRNA, but it is not 
translated. Another term used to describe co-suppression is post-transcriptional gene 
inactivation. The disqjpearance of mRNA sequences is thougjit to occur as a consequence 
10 of activation of a sequence specific KNA degradative system (Lmdbo et al, 1993; 
Watehouse et oL, 1999). There is considerable confusion within the animal literature 
regarding the term "^co-suppression" (Bingham, 1997). 

Co-si5>piession, as defined by the specific molecular phenotype of gene transcription 
15 without translation, has previously been considered not to occur in mammalian systems. It 
has been described only in plant systems and a lower eukaryote, Neurospera (CogoTd et 
al., 1996; Cogoni and Madno, 1997). 

In work leading up to the present invention, the invoitors have employed genetic 
20 manqjulative techniques to induce gene silencing in animal cells. The genetic manipulative 
techniques involve the induction of post-transcriptional inactivation events. The inventors 
have thereby provided a means for co-siq>pression in animal cells. The induction of co- 
sqjpression in animal cells permits the manipulation of a range of phenotypes in animals. 
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SUMMARY OF THE INVENTION 

ThtouiJiont tiiis specification, unless the ctmtext requires otherwise, the word "comprise", 
or variations such as "comprises" or "comprising", will be understood to imply the 
5 inclusion of a stated elonent or integer or group of elements or integers but not the 
exclusion of any other element ot integer or groiqj of elements or integers. 

Nucleotide and amino acid sequences are referred to by a sequence identifier number (SEQ 
ID NO:). The SEQ ID NOs: correspond numerically to the sequence identifiers <400>1, 
10 <400>2, etc. A sequence listing is provided sSer the claims. 

One a^ect of the present invention provides a genetic construct comprising a sequence of 
nucleotides substantially identical to a target endogenous sequence of nucleotides in tiie 
genome of a vertefeate animal ceU wherein i^nm introduction of said genetic construct to 
15 said animal cell, an RNA transcript resulting from transcription of a gene comprising said 
endogenous target sequence of nucleotides exhibits an altered edacity for translation into 
a proteinaceous product 



20 



Anofliw aspect of flie presoot invention provides a genetic construct conqjrising:- 

(i) a nucleotide sequence substantially identical to a target endogenous 
sequence of nucleotides in the genome of a vertebrate animal ceU; 

a single nucleotide sequoice substantially complonentary to said 
25 target mdogenous nucleotide sequence defined in (i); 



W) an intron nucleotide sequence separating said nucleotide sequence 
of(i)and(ii); 
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wherein iipon intiDdnction of said construct to said animal cell, an RNA transcript 
resulting fiom 1iansciq)tion of a gene comprising said endogenous target sequence of 
nucleotides exhibits an altered capacity for transcription. 

5 A fiirther aspect of the present invention provides a genetic construct comprising:- 

(i) a nucleotide sequence substantially identical to a target endogenous 
sequence of nucleotide in tiie genome of a vertebrate animal cell; 

(ii) a nucleotide sequence substantially complementary to said target 
endogenous nucleotide sequence defined in (i); 

(iii) an intron nucleotide sequence separating said nucleotide sequence of 
©andCii); 

15 

wherein upon introduction of said construct to said animal cell, an RNA transcript 
resulting fixim transcription of a gene conqmsing said endogenous target sequence of 
nucleotides exhibits an altered cq)acity for translation into a proteinaceous product and 
wherein there is substantially no reduction in the level of transcription of said gene 
20 con^ttising the endogenous target sequence and/or total level of RNA transcribed fiom 
said gene compiising said endogenous target sequence of nucleotides is not substantially 
reduced 

Yet another aspect of the present invention provides a genetically modified vertebrate 
25 animal cell characterized in that said cell:- 

® conqirises a sense copy of a target oidogmous nucleotide sequence 
introduced into said cell or aparent cell thereof 
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(ii) ccmqnisessubstantiaUy no protemaceous product 

CQnqnisiiig said endogenous target nucleotide sequence compared to 
a non-genetically modified form of same cell; and 

5 (iii) conqnises substantially no reduction in tiie levels of steady state 

total RNA relative to a non-genetically modified fonn of flie same 
ceU. 

Anotiier aspect of tiie present invention provides a metliod of altering flie phenotype of a 
10 vertebrate animal cell wherdn said phenotype is confened or otherwise facilitated by the 
ejqnession of an aidogenous gen^ said meifaod conqaising introducing a genetic construct 
into said cell or a parent of said cell wherein the genetic construct conqaises a nucleotide 
sequaice substantially identical to a nucleotide sequence con^rising said endogenous gene 
or part hereof and wlxam. a tianscript adubits an altered edacity fer translation into a 
15 protdnaceoos product compared to a cdl wiihout having had the genetic constiiict 
introduced. 

Even yet another aspect of the present invention provides a genetically modified murine 
animal conqnismg a nucleotide sequence substantially identical to a target endogenous 
20 sequence of nucleotides in tiie ^ome of a cell of said murine animal ^erem an RNA 
transaipt resulting fiom transaiption of a gene comprising said endogenous target 
sequence of nucleotides exhibits an altered capadly for translation into a proteinaceous 
product 

25 Still a fittflier aspect of the present invention is directed to the use of genetic construct 
conqjrising a sequence of nucleotides siibstantiaUy identical to a target endogenous 
sequence of nucleotides in the genome of a vertdnate animal cell in tiie generation of an 
animal cell wbstem an RNA ttansccq)t resulting fiom tianscription of a gene conqmsing 
said endogenous target sequence of nucleotides exhibits an altered capacity for translation 

30 into a proteinaceous product 
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Anoflier aspect of the present invention contemplates a method of genetic therapy in a 
vertebrate animal, said method conq)rising introducing into cells of said animal comprising 
a sequence of nucleotides substantially identical to a target endogenous sequence of 
nucleotides in the genome of said animal cells such that iipon introduction of said 
nucleotide sequence, RNA transcript resulting fiom transcription of a gene comprising said 
mdogmous target sequence of nucleotides exhibits an altered capacity for translation into 
a proteinaceous product. 
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BRIEF DESCRIPIION OF THE FliSlISES 

Figure 1 is a diagrammatic representation of the plasmid, pEGFP-Nl. For further details, 
refer to Example 1. 

5 

Figure 2 is a diagrammatic representation of the plasmid, pCMVxass. For further details, 
refer to Example 11. 

Figure 3 is a diagrammatic representation of flie plasmid, pCMV.BGI2xass. For further 
10 details, refer to Exanqile 11. 

Figure 4 is a diagrammatic representation of the plasmid, pCMV.GFP.BGI2JFG. For 
further details, refer to Exanq)le 12. 

15 Figure 5 is a diagrammatic representation of tiie plasmid, pCMV.EGFP. For further 
details, refer to Exan^le 12. 

Figure 6 is a diagrammatic representation of the plasmid, pCMV^"'.BGI2.cass. For further 
details, refer to £xanq>le 12. 

20 

Figure 7 is a diagrammatic representation of the plasmid, pCMV^.GFP.BGI2JPFG. For 
further details, refer to Bxmple 12. 

Kgure 8 shows an exan^ile of Southern blot analysis of putative transgraic cell lines, in 
25 this instance pardne kidney cells (PK) ivhich had been transformed with the construct 
pCMVBGFP. G«omic DNA was isolated fiom PK-1 cells and transformed lines, 
digested wifli the restriction endonuclease BaniHl and probed with a ^P-dCTP labeled 
EGFP DNA fiagment Lane A is amolecular weight marker where sizes of each fragment 
are indicated m kilobases (Kb); Lane B is the parental cell line PK-L Lane C is A4, a 
30 transgenic ECaPP-cxpressing PK- 1 cefl line; Lane D is C9, a transgenic non-expressing PK- 
1 cell line. 
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FSgnre 9 shows microgr^hs of PK-1 cell lines tamsfoimed wifli pCMV^GFP, viewed 
under nonnal ligjit and under fluorescence conditions designed to detect GFP. A: PK 
EGEP 2.11 cells under normal light; B: PK EGEP 2.11 cells under fluorescence conditions; 
5 C: PK EGFP 2.18 cells under nonnal li^t; D: PK EGFP 2.18 cells under fluorescence 
conditions. 

Figure 10 is a diagrammatic representation of the plasmid, pCMVJBEV2.BGI2.2VEB. For 
fimher details, refer to Example 13. 

10 

Figure 11 is a diagrammatic rcpreseatation of the plasmid, pCMV£EV.EGFP.VEB. For 
further details, ref^ to Example 13. 

Figure 12 shows micrographs of C3UB-1 cells and a CRIB-1 transformed line [CRIB-1 
15 BGI2 # 19(tol)] prior to and 48 hr after mfection wifli identical titres of BEV. A: CRIB-1 
cells prior to BEV infection; B: CaEUB-l cells 48 hr after BEV infection; C: CRIB-1 BGEZ 
# 19(tol) cells prior to infection wifli BEV; D: CRIB-1 BGI2 # 19(tol) 48 hr after BEV 
mfectionJ'or further details, refer to Example 13. 

20 F^e 13 is a diagrammatic representation of flie plasmid, pCMV.TYR.BGI2.RYT. For 
further details, refer to Exanq>le 14. 

Fiffore 14 is a diagrammatic representation of the plasmid, pCMV.TYR. For fiirflier 
details, refer to Exan^yle 14. 

25 

Figure 15 is a diagrammatic represmtation of flie plasmid, pCMV.TYR.TYR. For fiirflica- 
details, refer to Exanq)le 14. 



30 



Figure 16 shows levels of pigmentation in B16 cells and B16 cells ttansfimned with 
pCMV.TYRBGI2.RYT. CeU lines are, from left to right: B16, B16 2.1.6, B16 2.1.11, B16 
3.1.4, B16 3.1.15, B16 4.12.2 and B16 4.12.3. For fimher details, refer to Exanq)le 14. 
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Figure 17 is a diagrammatic lepreseatation of the plasmid, pCMV.GALT.BGI2.TLAG. 
For ferflier details, refer to Example 16. 

5 Figare 18 is a diagrammatic represeatafion of the plasmid, pCMVMrKLBGI2.KTM. For 
further details, refer to Scample 17. 

Figure 19 is a diagrammatic representation of the plasmid, HER2.BGI2.2REH. For further 
details, refi^ to Example 18. 

10 

Figare 20 shows immunofluorescent miciogr^hs of MDA-MB-468 cells and MDA-MB- 
468 cells transformed with pCMVJaER2BGI2.2REH stained for Hmi-2. A: MDA-MB- 
468 cells; B: MDA-MB-468 cells stained with only the secondary antibody, C: MDA-MB- 
468 1.4 cells stained for HER-2; D; MDA-MB-468 1.10 cells stamed for HER-2. For 
15 fiirflier details, refer to Example 18. 

Figure 21 shows FACS analyses of HER-2 expression in (A) MDA-MB-468 cells; (B) 
MDA-MB-468 1.4 cells; (Q MDA-MB-468 1.10 cells. For further details, refer to 
Exanq)le 18. 

20 

Ffeure 22 is a diagranmiatic representation of the plasmid, pCMV3RN2.BGI2.2NRB. For 
further details, refer to Exanq)le 19. 

F^ore 23 is a diagranmMtic representation of the plasmid, pCMV.YBlJBGI2.lBY. For 
25 further details, refer to Exanq)le 20. 

Figare 24 is a diagrammatic rqiresentatiQn of the plasmid, pCMV.YBl.p533GI2.35p. 
IBY. For Furfh^ details, refer to Example 20. 

30 Figure 25 is a histogrqph showing viable cell counts after transfection with YB-l-relatad 
gme constructs and oligonucleotides. Viable cells were counted in quadruplicate samples 
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with a haemocytometer following staining with trypan blue. Column heights show the 
average cell count of two indqieadent transfectian ejqjetiments and vertical bare indicate 
the standard deviation. (A) Viable B10.2 cell counts 72 hr after transfection with gene 
constaicts: 0 control: pCMV.EGFP; (ii) pCMV.YB13GI2.lBY; (iii) 
5 pCMV.yBl.p53.BGI2.35p.lBY. All materials and procedures used are described in the 
text for Exanq>le 20. (B) Viable Pam 212 cell counts 72 hr after transfection wifli gene 
constructs: (0 control: pCMV^EGFP; (ii) pCMV.YB15GI2.lBY; (iii) 
pCMV.YBl.p53.BGI2.35p.lBY. All materials and procedures used are described in the 
text for Example 20. (C) Viable B10.2 cefl counts 18 hr after transfection with 

10 oligonucleotides: (i) control: Lipofectin (trademaik) only, (u) control: non-specific 
oligonucleotide; (liO decoy Y-box oligonucleotide. All materials and procedures used are 
described in the text for Example 20. (D) Viable Pam 212 cell counts 18 hr after 
transfection xvifli oligonucleotides: (i) control: lipofectin (trademaric) only; (ii) control: 
non-spedfio oligonucleotide (ui) decoy Y-box oligonucleotide. All materials and 

15 procedures used are described in flie text fiw Example 20. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The preseat invention is predicated in part on the use of sense nucleotide sequences 
relative to an endogenous nucleotide sequence in a vertebrate animal cell to down-regulate 
5 expression of a gene comprising said endogenous nucleotide sequence. The endogenous 
nucleotide sequence may conq)rise all or part of a gene and may or may not indigenous to 
the cell A non-indigenous gene includes a gene in the animal cell introduced by, for 
example, viral infection or recombmant DNA technology. An indigenous gene mcludes a 
gene which would be considered to be naturally preseat in the animal cell. The down- 
10 regulation of a target endogenous gene includes the introduction of the sense nucleotide 
sequence to that particular cell or a parent of tiiat cell. 

Accordingly, one aspect of the present invention provides a genetic construct comprising a 
sequence of nucleotides substantially identical to a target endogenous sequence of 
15 nucleotides in flie genome of a vertebrate animal cell wherem upon introduction of said 
genetic constract to said ammal cell, an RNA transcript resulting fiom transcription of a 
gene comprising said endogenous target sequence of nucleotides exhibits an altered 
capacity for translation into a proteinaceous product 

20 Reference to "altered capacity" preferably includes a reduction in the level of translation 
such as fiom about 10% to about 100% and more preferably fiom about 20% to about 90% 
relative to a cell which is not genetically modified In a particularly preferred embodiment, 
ttie gme corresponding to ttie target endogenous sequence is substantially not translated 
into a proteinaceous product Conveniently, an altered capacity of translation is determined 

25 by any diange of phenotype ^erem the phenotype, in a non-genetically modified cell, is 
fiudlitated by the expression of said endogenous gene. 

Preferably the vertebrate animal cells are derived fix)m mammals, avian species, fish or 
reptiles. Rreferably, ttie vertebrate animal cells arc dodved fiom mammals. Mammalian 
30 cells may be fix)m a human, primate, livestodc animal (e.g. sheep, cow, goat, pig, donkey, 
horse), laboratory test ammal (e.g. rat, mouse, rabbit, guinea pig, hamster), companion 
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animal (e.g. dog, cat) or c^tured wild animaL Particularly preferred mammalian cells are 
fiom human and murine animals. 

The nucleotide sequence m tiie genome of a vertebrate animal cell is refarcd to as a 
"genomic" nucleotide sequence and preferably coiresponds to a gene encoding a product 
conferring a particular phenotype on the animal cell, group of animal cells and/or an 
animal comprising said cells. As stated above, the endogenous gene may be indigenous to 
the animal cell or may be derived from a exogenous source such as a virus, intracellular 
parasite- or mtroduced by recombinant or other physical means. Reference, therefore, to 
"genome" or "genomic** includes not only chromosomal genetic material but also 
extrachromosomal genetic material such as derived fiom non-mtegrated viruses. Reference 
to a "substantially identical" nucleotide sequence is also encompassed by terms including 
substantial homology and substantial similarity. 

15 Reference herein to a "gene" is to be taken in its broadest context and includes:- 

(i) a classical genomic gene consisting of transcriptional and/or translational 
regulatory sequences and/or a coding region and/or non-translated sequences (i.e. 
introns, 5*- and 3*-untransIated sequences); 

20 

(ii) mRNA or cDNA corresponding to flie coding regions (i.e. exons) optionally 
conqmsing 5*- and 3'-untranslated sequences linked thereto; or 

(iii) an amplified DNA fragment or oflier recombinant nucleic acid molecule produced 
25 in vitro and comprising all or a part of the coding region and/or 5'- or 3'- 

untranslated sequence linked tfaer^o. 

The gene in the animal cell genome is also referred to as a target gene or target sequence 
and may be, as stated above^ naturally residoit in the genome or may be introduced by 
30 recombinant techniques or otha: means, e.g. viral infection. The term "gene" is not to be 
construed as limiting the target sequence to any particular structure, size or composition. 
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The target sequence or gene is any nucleotide sequence which is capable of being 
e)q«essed to form a mRNA and/or a protdnaceous product The term "expressed" and 
related terms such as "expression" include one or both steps of transcription and/or 
translatian. 

5 

In a pieferred embodiment, the nucleotide sequence in the genetic construct further 
comprises a nucleotide sequence conq)lementary to the target endogenous nucleotide 
sequence. 

10 Accordingly, another aspect of the present invoition provides a genetic construct 
cong)xi5ing> 

(i) a nucleotide sequence substantially identical to a target endogenous sequence of 
nucleotides in the gmome of a vertebrate animal cell; 

15 

(ii) a single nucleotide sequence substantially complementary to said target 
endogenous nucleotide sequence defined in (i); 

(iiO an intron nucleotide sequence separating said nucleotide sequence of (i) and (ii); 

20 

whoem \xpon introduction of said construct to said animal cell, an RNA transcript 
resulting firan transci:q>tiQn of a gene comprising said endogenous target sequence of 
nucleotides exhibits an altoed cq>acity fat transcription. 

25 Prefiaably, the identical and conqilementary sequences are separated by an intron 
sequence. An example of a suitable intron sequence includes but is not limited to all or part 
of a intron Gom a gene oicoding jS-globin such as human jS-globin intron 2 . 

The loss of proteinaceous product is conveniently observed by the change (e.g. loss) of a 
30 phenotypic prop^ or an alteration in a gmotypic property. 
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The target gene may encode a structural protein or a regulatory protein. A "regulatory 
protem" includes a transcr^tion fector, heat shock piotem or a protein involved in 
DNA/RNA replication, transcription and/or translation. The target gene may also be 
resident in a viial genome which has integrated mto the animal gene or is present as an 
5 extiBchiomosomal elonait For example, the target gene may be a gene on an HIV 
genome. In tiiis case, flie genetic construct is useful in inactivating translation of tbe HIV 
gene in a mammalian celL 

Wherein flie target gene is a viral gene, it is particularly prefoied that Ihe viral gene 
10 aicodes a fimdion which is essential for rq)lication or reproduction of the virus, such as 
but not limited to a DNA polymerase or RNA polymerase gene or a viral coat protein gene, 
amongst otfiers. In a particularly preferred onbodimen^ flie target gene comprises an RNA 
polymerase gene derived fixmi a single-slranded (+) RNA virus such as bovine enterovirus 
(BEV), Smbis a^havirus or a leativfrus such as but not hmited to an immunodeficiency 
15 virus (e.g. HIV-1) or alternatively, a DNA polymerase derived fiom a double-stranded 
DNA virus such as bovine heipes vmis or herpes sunplex virus I (HSVI), amongst others. 

In a particohttly preferted embodiment, Ihe post-transcriptional inactivation is preferably 
by a medianism involving trans inactivation. 



20 



25 



30 



The genetic construct of the present invention generally, but not exclusively, comprises a 
synflietic goie. A "synthetic gene" conqoises a mtcleotide sequence which, when 
expressed mside an ammal cell, down-regulates expression of a homologous gene, 
endogenous to the animal cell or an mlegcated viral gene resident therein, 

A synflietic gene of flie present mvenfion may be derived fiom naturaUy-occurring genes 
by standard lecombmant tedmiques, flie only reqdremait being fliat flie synflietic gene is 
substantiany identical or oflierwise sunilar at flie nucleotide sequoice level to at least a part 
of flje target gene, flie expression of ^di is to be modified. By "substantiaUy identical" is 
meant fliat flie stmctmal grae sequmce of flie synflietic gene is at least about 80-90% 
idatical to 30 or more contiguous nucleotides of flie target gene, more preferably at least 
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about 90-95% identical to 30 or more contiguous nucleotides of the target gene and even 
more prcfoably at least about 95-99% identical or absolutely identical to 30 or more 
contiguous nucleotides of the target gene. Alternatively, the gene is capable of hybridizing 
to a target gene sequence under low, preferably medium or more preferably high 
5 stringency conditions. 

Reference herein to a low stringency includes and encompasses fiom at least about 0 to at 
least about 15% v/v fonnamide and fixm at least about 1 M to at least about 2 M salt for 
hybridization, and at least about 1 M to at least about 2 M salt for washing conditions. 

10 Generally, low stringency is at fiom about 25-30*»C to about 42°C. The temperature may 
be altered and higho: tenq)eratures used to replace fomiamide and/or to give alternative 
stringency conditions. Alternative stringency conditions may be applied where necessary, 
such as medium stringency, which includes and encompasses fiom at least about 16% vAr 
to at least about 30% v/v formamide and 6om at least'about 0.5 M to at least about 0.9 M 

15 salt for hyhridi2ation, and at least about 0.5 M to at least about 0.9 M salt for washing 
conditions, or higji stringency, which includes and encon5)asses fiom at least about 31% 
v/v to at least about 50% v/v formamide and fi:om at least about 0.01 M to at least about 
0.15 M salt fi)r hybridization, and at least about 0.01 M to at least about 0.15 M salt for 
washing conditions, hi general, washing is carried out at Tm = 69.3 + 0.41 (G+C)% 

20 (Marmur and Doty, 1962). However, the of a diq)lex DNA decreases by rc with every 
increase of 1% in the number of mismatch base pairs (Bonner and Laskey, 1974). 
Formamide is optional in these hybridization conditions. Accordingly, particularly 
preferred levels of stringency are defined as follows: low stringency is 6 x SSC bujBfer, 
0.1% w/v SDS at 25^2**C; a moderate stringency is 2 x SSC buffer, 0.1% w/v SDS at a 
25 temperature in the range 20°C to 65°C; high stringency is 0.1 x SSC bufifer, 0.1% w/v SDS 
at a tanperature of at least 65*^0. 

Generally, a synthetic gene of the instant invention may be subjected to mutagenesis to 
produce single or multqjle nucleotide substitutions, deletions and/or additions without 
30 aflFecling its ability to modify target gene oqiression. Nucleotide msertional derivatives of 
the synthetic gme of flie present invention inchide 5' and 3' tenninal fiisions as well as 
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intrarsequence insertions of single or multiple nucleotides. losertional nucleotide sequence 
variants are Hiose in ^ch one or more nucleotides are introduced into a piedetermined 
site in tiie nucleotide seqnrace al&ou^ random insertion is also possible with suitable 
screening of Ihe resulting product Deletional variants are characterized by flie removal of 
5 one or more nucleotides fiom the sequence. Substitutional nucleotide variants are tiiose in 
which at least one nucleotide in the sequence has been removed and a different nucleotide 
inserted m its place. Such a substitution may be "sUent" in that the substitution does not 
change flie amino add defined by ttie codon. Alternatively, substituents are designed to 
alter one amino add for another shnilar acting amino add, or amino acid of like charge, 
• 10 polarity, or hydrophobidty. 



Accordingly, Ae present invention extends to homologs, analogs and derivatives of the 
synthetic genes described herein. 

15 For the present purpose, 'homologs" of a gene as hereinbefore defined or of a nucleotide 
sequence shall be talwn to refer to an isolated nucldc add molecule which is substantiaUy 
tiM same as the nucldc add molecule of the present invention or its conqjlementary 
nucleotide sequence, notwiflistanding the occurrence within sdd sequence of one or more 
nucleotide substitutions, insertions, ddetions, or rearrangements. 

20 

"Analogs" of a gene as hereinbefore defined or of a nucleotide sequence set forth herein 
shall be taken to refer to an isolated nucldc add molecule whidi is substantially the same 
as a nuddc add molecule of die ppesent niventian or its cQnq)lementary nucleotide 
sequence notwi&standing die occurraice of any non-nudeotide constituents not normaUy 
25 present m said isolated nucldc add molecule, for exanq>le, carbohydrates, radiochemicals 
uichiding radionucleotides, rqwrter molecules sudi as but not limited to DIG, alkaline 
phosphatase or horsoadish peroxidase, amongst others. 

"Derivatives" of a gene as hereinbefore defined or of a nucleotide sequence set forth herdn 
30 shall be taken to refer to any isolated nucldc add molecule which contains significant 
sequQice sfanilarity to said sequence or a part fiioeof 
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Accoidingly, the structural gene component of the synthetic gene may comprise a 
nucleotide sequence which is at least about 80% identical or homologous to at least about 
30 contiguous nucleotides of an endogenous target gene, a foreign target gene or a viral 
5 target gene present in an animal cell or a homologue, analogue, derivative thereof or a 
complementary sequence tfa^eto. 

The genetic construct of the present invention generally but not exclusively comprises a 
nucleotide sequence, such as in the form of a syntiietic gene, operably linked to a promoter 
sequence. Other conqionents of the genetic construct include but are not limited to 
regulatory regions, transcr5)tional start or modifying sites and one or more genes encoding 
a reporter molecule. Furflier components able to be included on the genetic construct 
ejctend to vkal consents such as viral DNA polymerase and/or RNA polymerase. Non- 
viral components include RNA-dependent RNA polymerase. The structural portion of the 
15 synthetic gene may or may not contam a translational start site or 5'- and 3'"Untranslated 
regions, and may or may not encode the full length protein produced by the corresponding 
endogenous mammalian gene. 

Another aspect of the present invention provides a genetic construct comprising a 
20 nucleotide sequence substantially homologous to a nucleotide sequence in flie genome of a 
m a mm alian cell, said first-mentioned nucleotide sequence operably linked to a promoter, 
said genetic construct optionally furflier comprising one or more regulatory sequences 
and/or a gene sequence mcoding a reporter molecule whwem upon introduction of said 
gaietic construct into an animal cell, flie expression of tiie endogenous nucleotide 
25 sequences having homology to ttie nucleotide sequence on the genetic construct is 
inhibited, reduced or oflierwise down-regulated via a process comprising post- 
transcriptional modulation. 



30 



Refiarence herem to a '*promDt«'* is to be takoi in its broadest context and includes tiie 
transcrq)tionaI regulatory sequences of a classical genomic gene, including the TATA box 
which is required for accurate transcr^tion initiation in eukaiyotic cells, with or without a 
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CCAAT box sequence and additional regulatory elements (i.e. i9)stfeam activating 
sequences, enhancers and silencers). 

A promoter is usually, but not necessarily, positioned iq)stream or 5\ of tiie structural gene 
5 conq)onent of the synthetic gene of the invention, the expression of which it regulates. 
Furthermore, the regulatory elements comprising a promoter are usually positioned within 
2 kb of the start site of transcription of flie structural gene. 

In the present context, the terai '^promoter'' is also used to describe a synthetic or fusion 
10 molecule or derivative which confers, activates or chances expression of an isolated 
nucleic add molecule in a mammalian cell. Another or the same promoter may also be 
required to function in plant, animal, insect, fimgal, yeast or bacterial cells. Preferred 
pzomoters may contain additional copies of one or more specific regulatory elements to 
fortfaer enhance expression of a structural gene, which in turn regulates and/or altCTs the 
15 spatial e^aession and/or temponl expression of the gene. For example, regulatory 
elements which confer inducibility on the expression of the structural gene may be placed 
adjacent to a heterologous promote sequence drivmg expression of a nucleic acid 
molecule. 

20 Placing a structural gene under the regulatory control of a promoter sequence means 
positioning said molecule sudi that expression is controlled by flie promoter sequence. 
Promoters are generally positioned 5* (upstream) to the genes that they control In the 
construction of heterologous promoter/structural gene combinations, it is generally 
preferred to position the promoter at a distance fix>m the gene transcription start site that is 

25 ^^proximately flie same as the distance betwem tiiat promoter and the gene it controls in 
its natural setting Le. the gme fiom which the promoter is derived As is known m the ait, 
some variation in tins distance can be accommodated wifliout loss of promoter fimctiorL 
Similariy, the prefened positioning of a regulatory sequence elemrat with respect to a 
hrterologous gene to be placed under its control is defined by the positioning of the 

30 elonent m its natural setting, Le. ttie genes Scorn which it is derived. Agam, as is known in 
the art, some variation in this distance can also occur. 
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The promoter may regulate Ifae racpressioii of the structural gene con^onent constitutively, 
or differentially with respect to the cell, tissue or organ in which expression occurs, or with 
respect to the develqpmental stage at vMch ejqwession occurs, or in response to stimuh 
5 such as physiological stresses, regulatory protems, hormones, pathogens or metal ions, 
amongst o&ers. 

Prrferably, the promoter is enable of regulating expression of a nucleic acid molecule in a 
mammaUan cell, at least during tiie period of time over which the target gene is expressed 
10 thorem and more preferably also immediately preceding the commencement of detectable 
ejqaession of (he target gene m said cell. Promoters may be constitutive, inducible or 
develqpmeatally regulated. 

hi flte present context fbe tarns •'in opasbls connection wifli" or "operably under the 
15 conhor or snnilar shall be taken to indicate fliat expression of Ae structural gene is under 
fte control of the promoter sequaace with which it is spatially connected in a cell 

The genetic construct of the present mvention may also comprise multiple nucleotide 
sequences each optionally operably linked to one or more promoters and each directed to a 
20 target gene within file animal celL 

A multq)le nucleotide sequence may conqnise a tandem repeat or concatemer of two or 
more identical nucleotide sequences or alternatively, a tandem array or concatemer of non- 
identical nucleotide sequences, the only requiremeiit bemg tiiat each of flie nucleotide 

25 sequences contained herein is substantially identical to the target gene sequence or a 
conq)lanentary sequence thoeto. In fliis regard, tiiose skilled m flie art will be aware fliat a 
cDNA molecule may also be regarded as a multiple struchiral gene sequence m the context 
of the presoit invention, msofer as it conqaises a tandem array or concataner of exon 
sequences doived fiom a genomic target gene. Accordingly, cDNA molecules aod any 

30 tandon array, tandon repeat or concataner of exon sequences and/or mtnm sequences 
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and/or 5' -untranslated and/or 3' -untranslated sequences are clearly encon^assed by this 
embodiment of flie invention. 

Preferably, flie multiple nucleotide sequences comprise at least 2-8 individual structural 
gene sequences, more preferably at least about 2-6 individual structural gene sequences 
and more preferably at least about 2-4 individual structural gene sequences. 



The optimum number of structural gene sequences which may be involved in the synthetic 
goie of the presoit invaition will vary considerably, depending iqjon the length of each of 
10 said structural gene sequences, their orientation and degree of identity to each other. For 
exmspte, those sfciUed in the art wiU be aware of the inherent instability of palindromic 
nucleotide sequences in vivo and the difficulties associated with constructing long 
synttietic genes comprising inverted repeated nucleotide sequences, because of the 
tendency for such sequences to form hairpin loops and to recombine in vivo. 
15 Notwithstanding such difficulties, fte optimum number of structural gene sequences to be 
inchided in the synthetic genes of the present invention may be determined empirically by 
those skilled in the art, wifliout any undue experimentation and by foUowing standard 
procedures such as the construction of the synthetic gene of the invention using 
recomWnase-deficient ceU lines, reducing the number of repeated sequences to a level 
20 which eliminates or minimizes recombination events and by keeping the total length of the 
multiple structural gene sequence to an acceptable limit, preferably no more than 5-10 kb, 
more preferably no more than 2-5 kb and even more preferably no more than 0.5-2.0 kb in 
lengQi. 



25 In one embodiment, the eflBxtofthc genetic contiuctinchiding synthetic gene comprisi^ 
flie sense nucleotide sequence is to reduce tzanslatian of transcrqrt to proteinaceous product 
while not substantially reducing fte level of transaction of the target gene. Alternatively 
or in addition to. the genetic construct inctoding synthetic gene does not result in a 
substantial reduction in steady state levels of total RNA. 



30 
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Accordingly, a particularly prefored embodiment of the present invention provides a 
genetic constroct conqmsing:- 

(i) a nucleotide sequence substantially identical to a target endogenous sequence of 
5 nucleotides in the genome of a vertebrate animal cell; 

(iO a nucleotide sequence substantially complementaiy to said target endogenous 
nucleotide sequence defined in (i); 

10 (iii) an intnm nucleotide sequence separating said nucleotide sequence of (i) and (ii); 

herein upon introduction of said construct to said animal cell, an RNA transcr5)t 
resulting fixjm txansciiption of a gene comprising said endogenous target sequence of 
nucleotides exhibits an altered capacity for translation into a pioteinaceous product and 
15 \<teem there is substantially no reduction in the level of transcription of said gene 
comprising the endogenous target sequence and/or total level of SNA transcribed jfrom 
said gene conpising said oidogenous target sequence of nucleotides is not substantially 
reduced. 

20 Preferably, the animal cell is a mammahan cell such as but not limited to a human or 
murine animal cell. 

The present invention further ejctends to a genetically modified vertebrate animal cell 
characterized in that said celL- 

25 

(i) comprises a s^e copy of a target endogenous nucleotide sequence introduced 
into said cell or a parent cell thoeo^ and 

Qi) conqirises substantially no protemaceous product encoded by a gene conqnrising 
30 said endogenous target nucleotide sequence compared to a non-genetically 

modified fimn of same cell 
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The vertebrate animal cell according to this embodiment is preferably fiom a mammal, 
avian species, fish or reptile. More preferably, the animal cell is of mammalian origin such 
as &om a human, primate, hvestock animal or laboratory test animal. Particularly preferred 
5 animal cells are &om human and murine species. 

The nucleotide sequence comprising the sense copy of the target endogenous nucleotide 
sequence may &rther comprise a nucleotide sequence complementary to said target 
sequence. Preferably, the identical and complementary sequences are separated by an 
intron sequence such as, for exanq)le, fix>m a gene encoding jS-gJobin (e.g. human jS-globin 
intron 2). 



10 



Furthermore, in one embodhnent, there is substantially no reduction in levels of steady 
state total RNA as a result of the introduction of a nucleotide sequence con5)rising the 
15 sense copy ofthe target sequence. 

Accordingly, the present invention provides a genetically modified vertebrate animal cell 
characterized in that said cell:- 

20 (i) comprises a sense copy of a target endogenous nucleotide sequmce introduced into 
said cell or a parent cell thereof, 

(ii) comprises substantially no proteinaceous product encoded by a gene comprising 
said mdogenous target nucleotide sequence compared to a non-genetically 

25 modified form of same cell; and 

(iii) conqmses substantially no reduction in the levels of steady state total RNA relative 
to a non-genetically modified form ofthe same celL 
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The present invention further extends to transgenic including genetically modified animal 
cells and cell lines which exhibit a modified phenotype characterized by a post- 
ttanscrq)tionally modulated genetic sequence. 

5 Accordingly, another aspect of fhe'present invention is directed to a animal cell in isolated 
form or maintained under in vitro culture conditions or an animal comprising said cells 
wherein the cell or its animal host exhibits at least one altered phenotype compared to the 
cell or an animal prior to genetic manq)ulation, said genetic manipulation comprising 
introducing to an animal cell a genetic construct comprising a nucleotide sequence having 
10 substantial homology to a target nucleotide sequence within the genome of said animal cell 
and wherein the expression of said target nucleotide sequence is modulated at the post- 
transctiptional level 

Preferably, the nucleotide sequence on the genetic construct is operably linked to a 
15 promoter. 

Optionally, the genetic construct may comprise two or more nucleotide sequences, each 
operably linked to one or more promoters and each having homology to an endogenous 
mammalian nucleotide sequence. 

20 

The present invention extends to a genetically modified animal such as a maimnal 
comprising one or more cells in which an oidogenous gene is substantially transoibed but 
not translated resulting in a modifying phenotype relative to the animal or cells of the 
animal prior to genetic manqnilation. 

25 

Another aspect of the present invention provides a genetically modified murine animal 
conqmsnig a nucleotide sequence substantially identical to a target endogenous sequence 
of nucleotides in the genome of a cell of said murine ammal ixiierein an RNA transaipt 
resuttmg ftom transccqition of a gaie conqirising said endogenous target sequence of 
30 nucleotides exhibits an altered cq)acity for translation into a proteinaceous product 
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Pref erred murine animals are mice and are useful inter alia as experimental animal models 
to test therapeutic protocols and to screen for ther^eutic agents. 

In a preferred embodiment, the genetically modified murine animal further comprises a 
5 sequence complementary to the target endogoious sequence. Generally, the identical and 
complementary sequences may be separated by an intron sequence as stated above. 

The present invention further contemplates a method of altering the phenotype of a 
vertebrate animal ceU wherein said phenotype is conferred or otherwise facilitated by the 

10 expression of an endogenous gene, said method conq)rising introducing a genetic construct 
into said cell or a parent of said cell wherein the genetic construct comprises a nucleotide 
sequence substantially identical to a nucleotide sequence comprising said endogenous gene 
or part thereof and wherem a transcript exhibits an altered capacity for translation into a 
proteinaceous product compared to a cell without having had the genetic constmct 

15 iattoduced. 

RefCTence herein to homology includes substantial homology and in particular substantial 
nucleotide similarity and more preferably nucleotide identity. 

20 The temi "similarity" as used herein includes exact identity between compared sequences 
at the nucleotide level. Where there is non-identity at the nucleotide level, "similarity^' 
includes differences between sequences which result in different amino acids that are 
nevertheless related to each other at the structural, fimctional, biochemical and/or 
conformational levels. In a particularly prefenred embodiment, nucleotide sequence 

25 conq)aiisons are made at the level of identity rather than similarity. 

T«ms used to describe sequence relationships between two or more polynucleotides 
inchide •*referaice sequence", "con?)arison window**, "sequence similarity", "sequence 
idoitity", •percentage of sequence similarity", "porcentage of sequence identity", 
30 "substantially similar" and "substantial idoitity". A •Reference sequence" is at least 12 but 
fiequently 15 to 18 and often at least 25 or above, such as 30 monomer units, inclusive of 
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nucleotides, in length. Because two polynucleotides may each conQ}rise (1) a sequence (i.e. 
only a portion of the complete polynucleotide sequence) that is similar between the two 
polynucleotides, and (2) a sequence that is divergent between the two polynucleotides, 
sequence conqiarisons betwe^i two (or more) polynucleotides are typically perfonned by 
5 conqjaring sequences of the two polynucleotides over a "conqjarison window" to identify 
and con5)are local regions of sequence similarity. A **comparison window*' refers to a 
conceptual segment of typically 12 contiguous residues that is compared to a reference 
sequence. The conq)aiison window may comprise additions or deletions (i.e. gaps) of 
about 20% or less as c€mq)ared to the reference sequence (which does not comprise 

10 additions or deletions) for optimal alignment of the two sequences. Optimal alignment of 
sequences for alignmg a comparison window may be conducted by coirputerized 
in5)lementations of algorithms (GAP, BESTFTT, FASTA, and TFASTA in the Wisconsm 
Genetics Software Package Release 7.0, Genetics Coixq)Uter Group, 575 Science Drive 
Madison, WI, USA) or by inspection and the best alignment (i.e. resulting in the highest 

15 paxjentage homology over the oonq)arison window) generated by any of the various 
methods selected. Reference also may be made to flie BLAST family of programs as, for 
example, disclosed by Altschul et al (1997). A detailed discussion of sequence analysis 
can be found in Unit 19.3 of Ausubel et al (1998). 

20 The terms **sequence similarity*' and "sequrace identity*' as used herein refer to the extent 
that sequences are identical or functionally or structuraDy similar on a nucleotide-by- 
nucleotide basis over a window of conqiarison. Thus, a '^percentage of sequence identity*', 
for exan5)le, is calculated by comparing two optimally aligned sequences over the window 
of conq>arison, detOTuining the number of positions at which the identical nucleic acid 

25 base (e.g. A, T, C, G, T) occurs m both sequences to yield the number of matched positions, 
dividing the number of matched positions by flie total number of positions in the window 
of con5)arison C[.e. the window size), and multiplying the result by 100 to yield the 
pCTcentage of sequence identity. For ttie purposes of flie presort invention, "sequence 
identity" will be understood to mean the "match percentage" calculated by the DNASIS 

30 cmspysigx program (Vasion 2.5 for windows; available from ifitachi Software engineering 
Co., Ltd., Soufli San Francisco, California, USA) usmg standard defeults as used in tire 
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re&rence manual acconqjanying the software. Similar commeats apply in relation to 
sequence similarity. 

The present invention is further directed to the use of genetic constnict conqnising a 
sequence of nucleotides substantiaUy identical to a target endogenous sequence of 
nucleotides in the genome of a vertebrate animal ceU in the generation of an animal cell 
wherein an RNA transact resulting from transcription of a gene comprising said 
endogenous target sequence of nucleotides exhibits an altered c^iy for translation into 
a proteinaceous product 

Preferably, the vertebrate animal cell is as defined above and is most preferably a human 
or murine species. 

The CQustmct may further comprise a nucleotide sequence complementary to said target 
15 endogenous nucleotide sequence and the nucleotide sequences identical and 
complemenlary to said target endogenous nucleotide sequences may be separated by an 
intron sequence as described above. 

In one embodiment, there is no reduction in die level of transcription of said gene 
20 conqmsing the endogenous target sequence and/or steady state levels of total RNA are not 
substantially reduced. 

Still a finiher aspect of the present invention contemplates a mefliod of genetic therapy in a 
vertebrate animal, said method comprising mtioducmg into cells of said animal comprising 
25 a sequence of nucleotides substantially identical to a target endogenous sequence of 
nucleotides in the genome of said ammal cells such fliat upon introduction of said 
nucleotide sequence, RNA transcript resulting from transcription of a gene conqmsing said 
endogenous target sequence of nucleotides exhfeits an altered capacity for translation into 
a proteinaceous product 

30 
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Rfifer^ce herein to "genetic ther^y** includes geaie ther^y. The genetic therspy 
contemplated by tiiie present invention further includes somatic gene thers^y whereby cells 
are removed, genetically modified and then replaced into an individual. 

5 Preferably, the animal is a human. 



The present invention is further described by the foUowmg non-limiting E3canq)les. 
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EXAMPLEl 
Tissue culture manipulations 

To generate GFP expressing cell lines, PK-1 cells (derived from porcine kidney epithelial 
celb) were transformed with a construct designed to express GFP, namely pEGFP-Nl 
(Qontech Catalogue No.: 6085-1; refer to Figure 1), 

PK-1 cells were grown as adherent monolayers using Dulbecco's Modified Eagle's 
Medium (DMEM; life Technologies), sq)plemented with 10% vAr Fetal Bovine Sennn 
(FBS; TRACE Biosciences or Life Technologies). Cells were always grown in incubators 
at 37**C m an atmosphere containing 5% v/v CO2. Cells were grown in a variety of tissue 
culture vessels, dq)ending on experimental requirements. The vessels used were: 96-well 
tissue culture plates (vessels containing 96 separate tissue culture wells each about 0.7 cm 
in diameter, Costar); 48-well tissue culture plates (vessels containing 48 separate tissue 
culture wells, each about 1.2 cm in diameteq Costar); 6-well tissue culture plates (yQs%t\& 
containing 6 separate wells, each about 3.8 cm diameter, Nunc); or larger T25 and T75 
culture flasks (Nunc). For cells transformed with pEGEP-Nl, DMEM, 10% (vA^) FBS 
medium was fiirther S!q)plemented with genetecin (Life Technologies); for initial selection 
of transformed cells, 1.5 mg/1 genetecin was used. For routine maintenance of transformed 
cells, 1.0 mg/1 genetedn was used. 



In all instances, medfami was changed at 48-72 hr intervals. This was accomplished by 
removing spent medium, washing the cell monolayers in the tissue culture vessel by 
adding Phoq)hate Buffered Salme (1 x PBS; Sigma) and gently rocking the culture vessel, 
removing tiie 1 x PBS and adding fresh medium. The volumes of 1 x PBS used in these 
manipulations were typically 1 00 ^1, 400 ^1, 1 ml, 2 ml and 5 ml for 96-well, 48-well, 6- 
well, T25 and T75 vessels, respectively. Tissue culture media volumes were typically 200 
Ml for 96-well tissue culture plates, 0.4 ml for 48-well tissue culture plates, 4 ml for 6-well 
tissue culture plates, 1 1 nil for T 25 and 40 ml for T75 tissue culture vessels. 
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During flie course of these experiments, it was frequently necessary to change culture 
vessels. To achieve Ibis, monolayers were washed twice with 1 x PBS and then treated 
with trypsin-EDTA (life Technologies) for 5 min at ST^'C. Under these conditions cells 
lose adherence and can be resuspended by trituration and transferred to DMEM, 10% vAr 
5 FBS, which stops the action of trypsin-HDTA. The volumes of 1 x PBS for washing and 
Trypsin-EDTA used for such manq)ulations weare typically 1 0 0 |il, 400 jil, 1 ml, 2 ml and 5 
ml for 96.well, 48-well, 6-well, T25 and T75 vessels, respectively 

hi addition, it was sometimes necessary to count the number of resuspended cells, 
10 especially when biologically cloning transformed cell lines. To achieve this, cells were 
resuspended in an qipropriate volume of DMEM, 10% v/v FBS and an aliquot, typically 
100 was transferred to a ha^ocytometer (Hawksley) and cell numbers counted 
microscopically. 

IS Protocol for Freezing Cells 

During the course of the experiments, it was frequently necessary to store PK-1 cell lines 
for later use. To achieve this, monolayers were washed twice with 1 x PBS and then 
treated with trypsin-EDTA for 5 min at 3TC. The PK-1 cells were resuspended by 

20 trituration and transfened to storage medium consisting of DMEM, 20% v/v FBS and 10% 
vAr dimefliyisulfoxide (Sigma). The concentration of PK-1 cells was determined by 
haemocytometer counting and forther diluted to 10^ cells per ml. Aliquots of PK-1 cells 
were transfoied to 1.5 ml cryotubes (Nunc). The tubes of PK-1 cells were placed in a Cryo 
1®C Freezing Container (Nalgene) containing propan-2-ol (BDH) and cooled slowly to - 

25 70*'C. The tubes of PK-1 cells were then stored at -70*C Reanimation of stored PK-1 cell 
was achieved by waimmg the cells to 0°C on ice. The cells wrae then transferred to a T25 
flask containing DMEM and 20% v/v FBS, and then mcubated at 37^C in an atmosphere 
of5%v/vCC)2. 
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Ust of media components 

(a) Dulbecco 's Modified Eagle Medium (DMEM) 

5 Two commercial foimulations of DMEM were used, both obtained jBrom Life 
Technologies. The first was a liquid fonnulation (Cat. no. 11995), the second a powder 
fonnulation which was prepared according to the manufecturer's specifications (Cat no. 
23700). Both formulations were used in these experiments and were considered equivalent, 
despite minor modifications. The liquid fonnulation (1 1995) was:- 

10 

D"glucose 4,500 mg/1 

Phenol Red 15 mg/1 

Sodium pyruvate llOmg/l 

' L-Arginine.Ha 84 mg/1 

L"Cystine.2HCl 63 mg/1 

L-Glutamine 584 mg/1 

Glycine 30 mg/1 

L-HistidineHCLHaO 42 mg/1 

L-Isoleucine 105 mg/1 

L-Leucine 105 mga 

I^Lysine.HCl 146 mg/1 

L-Mefliionine 30 mg/1 

L-Phenylalanine 66 mg/1 

L-Serine 42 mg/1 

L-Threonine 95 mg/1 

L-Tryptophan 16 mg/1 

L-Tyrosine2Na^H20 104 mg/1 

L- Valine 94 mg/1 
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Caa2 200mg/l 

Fe(N03)3.9H20 O.lmg/l 

KCl 400 mg/1 

MgS04 97.67 ms/l 

^ NaCl 6,400 mg/l 

NaHCOs 3,700 mg/1 

NaH2P04.H20 125 mg/I 

D-Ca pantothenate 4 mg/1 

10 Choline chloride 4 mg/1 

Folic Acid 4 xag/l 

i-Ihositol 7.2 mg/1 

Niacinamide 4 mg/i 

Riboflavin 0.4 mg/1 

15 Thiamine HCl 4 mg/1 

PyridoxineHCl • 4 mg/l 



When reconstituted the powdered fonnulation (23700) was identical to the above, except it 
contained HEPES at 4.750 mg; sodium pyravate and NaHCOj were omitted and NaQ was 
20 used at 4,750 mg/l. not 6,400 mg/L 



(b) OPn-MEM I (registered tradanark) Reduced Serum Medium 

This is a commercial modification of MEM (Life Technologies Cat. No. 31985), designed 
25 to pemiit grawfli of cells in seram free medimn. Such serum free media are commonly 
used in aq>etimeDts where catiomc hpid transfectants such as GeneP0RTER2 (tiademaric) 
or LipofbctAMINE (trademaric) are used, since higher transfection frequencies are 
obtained. 
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(c) Phosphate Btiffered Saline (PBS) 

Phoqjhate buffered saline was prepared fiom a commercial powder mix (Sigma, Cat. No. 
P-3813) according to manufiicturer's instructions. A 1 x PBS solution (pH 7.4) consists o£ 

5 

Na2HP04 
KH2PO4 
NaCl 
KQ 

10 

(d) Trypsin-EDTA 

Trypsin-EDTA is commonly used to loosen adherent cells to permit their passage. In these 
«q)eriments a commercial preparation (life Technologies, Cat No. 15400) was used. This 
15 is a 10 X stock solution consistiag o£ 

Trypsin 5 g/i 

EDTA.4Na 2 g/1 

Naa 8.5 ©1 

20 

To prepare working stodcs. Has solution was diluted using 9 volumes of 1 x PBS. 

EXAMPLE 2 
Generating stable EGFP-4ransfonned cdl lines 

25 

Transformations were pafimned in 6-well tissue culture vessels. Individual wells were 
seeded with 1 x 10* PK-1 cells m 2 ml of DMEM, 10% v/v FBS, and hicubated until the 
monolayer was 60-90% confluent, ^ically 24 to 48 hr. 

30 To transform a single plate (6 wells), 12 jig of plasmid pEGFP-Nl and 108 jU of 
GaieP0RTER2 (trademaric) (Gene Tha^y Systems) were dihited mto Oni-MEM I 



10 mM 
1.8 mM 
138 mM 
2.7 mM 
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(registered trademark) medium to obtain a final volume of 6 ml and incubated at room 
temperature for 45 Tnin, 

The tissue growth medium was removed fiom each well and each well was washed with 1 
5 ml of 1 X PBS as described above. The monolayers were overlayed with 1 ml of the 
plasmid DNA/GenePORTER conjugate for each well and incubated at 3TC, 5% v/v CO2 
for 4.5 hr. 



10 



20 



One ml of Opn-MEM I (registered trademaik) supplemented with 20% v/v FBS was 
added to each well and the vessel incubated for a fimher 24 hr, at which time cells were 
washed with 1 x PBS and medium was replaced with 2 ml of fi-esh DMEM including 10% 
v/v FBS. At this stage, monolayers were inspected for transient GFP expression using 



15 Forty-eight hr after transfection the medium was removed, cells washed with PBS as above 
and 4 ml of fiesh DMEM containing 10% v/v FBS supplemented with 1.5 mg/1 genetecin 
was added to each weU; genetecin was included in the medium to select for stably 
transformed ceU lines. The DMEM, 10% v/v FBS, 1.5 mgA genetecin medium was 
changed every 48-72 hr. After 21 days of selection, putatively transformed colonies were 
parent At this stage, cells were transfened to larger culture vessels for expansion, 
maintenance and biological cloning. 



To remove tiansfomed colonies, cells were treated with trypsin-EDTA as described above 
in Example 1 and transfenred to 11 ml of DMEM, 10% v/v FBS, 1.5 mg/l genetecin and 

25 incubated in a T25 culture vessel at ST'C and 5% v/v CO2. When these monolayers were 
about 90% confluent, cells were resuspended using Trypsin-EDTA, then transferred to 40 
ml DMEM, 10% v/v FBS, L5 mg/1 genetidn- Vessels were incubated at 37°C and 5% v/v 
CO2.. When monolayere became confluait, they were passaged every 48-72 hr by tiypsin- 
tieating cells as above and diluting one tenth oftheceUs into 40 nil fres 10% v/v 

30 FBS, 1.5 mg/1 gen^ecoL At this point, some cells were also frozen for long temi 
maintenance. Ttese cultmes contained nuxtures of transformed cell lines. 
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EXAMPLE3 
Dilution doning of transformed cell Unes 

5 Transfimned cells were biologicaUy cloned using a dilxition strategy, whereby colonies 
were established from single ceUs. To siqjport growth of single colonies, "conditioned 
media" were used. Conditioned media were prepared by overlaying 20-30% confluent 
monolayers of PK-1 cells grown in a T75 vessel with 40 ml of DMEM containing 10% v/v 
FBS. Vessels were incubated at 37°C, 5% v/v CO2 for 24 hr, after which the growth 
10 medium was transferred to a sterile 50 ml tube (Falcon) and centrifiiged at 500 x g. The 
growfli medium was passed through a 0.45 jun filter and decanted to a fiesh sterile tube 
and used as "conditioned medium". 



A T75 vessel containing mixed colonies of transfomied PK-1 cells at 20-30% confluency 
15 was washed twice with 1 x PBS and cells separated by trypsin treatment as described 
above, then diluted into 10 ml of DMEM, 10% v/v FBS. The cell concentration was 
detomined microscqrically using a haemocytometer slide and cells diluted to 10 cells per 
ml in conditioned medium. Single wells of 96-weU tissue culture vessels were seeded with 
200 |d of the diluted cells in conditioned medium and cells were incubated at ST'C gnd 5% 
20 v/v CQ2 for 48 hr. WeBs were inspected microscopically and those containing a single 
colony, arising &cm a single cell, were defined as clonal ceU lines. TTie original 
conditioned medium was removed and replaced with 200 ^l of fiesh conditioned medium 
and cells incubated at 3TC and 5% v/v CO2 for 48 hr. After this time, conditioned medium 
was iq>laced with 200 pi of DMEM, 10% v/v FBS and 1.5 mgA genetecin and cells again- 
25 incubated at 37°C and 5% v/v CO2. Colonies were allowed to expand and medium was 
dianged every 48 far. 



30 



When the monolayer in an individual well was about 90% confluent, the cells were washed 
twice wifli 100 111 of 1 X PBS and cells looseaied by treatment with 20 fil of 1 x PBS/1 x 
liypsin-EDTA as described above. Cells in a single well w«e transfened to a single weU 
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of a 48-well culture vessel containing 500 ^1 of DMEM, 10% v/v FBS and 1.5 |ig/ml 
genetedn. Medium was changed every 48-72 hr as hereinbefore described. 

When a monolayer in an individual well of a 48-well culture vessel was about 90% 
5 confluent, ttie cells were transferred to 6-well tissue culture vessels using trypsin-EDTA 
treatment as described above. Separated cells were then transferred to 4 ml DMEM, 10% 
vA^ FBS, 1.5 (ig/ml geneticin and transferred to a single well of a 6-well tissue culture 
vessel Cells were grown at 37°C and 5% v/v CO2 and colonies were allowed to ©qpand. 
Medium was changed every 48 hr. 

10 

When monolayers in 6-well culture vessels were about 90% confluent, cells were 
transferred to T25 vessels using trypsin-EDTA as described above. When these 
monolayers were about 90% confluent, cells were transferred to T75 culture vessels, as 
described above. Once individual lines were established in T75 vessels they were ei&er 
15 maintained by passaging every 48-72 hr using a one-tenth dilution, or maintained as fiozen 
stocks. 

EXAMPLE 4 
Freparadon of nudeifor transcription run-on ass(^ 

20 

To analyze the status of transcription of individual genes in cloned transformed cell lines, 
nuclear run-on assays were performed. A monolayer of cells was estabUshed by seeding a 
T75 culture vessel witii 4 x 10^ transformed PK-1 cells into 40 ml of DMEM, 10% v/v 
FBS and incubating cells until the monolayer was about 90% confluent. The monolayers 
25 were wadted twice with 5 ml of 1 x PBS, separated by treatment with 2 ml trypsin-EDTA 
and transferred to 2 ml of DMEM including 10% v/v FBS. 

These cells were transfctned to a 10 ml c^ed tube, 3 ml of ice-cold 1 x PBS was added 
and fee contrals mixed by mversion. Transformed PK-1 cells were collected by 
30 CQilri&gation at 500 x g for 10 min at 4°C, the siq)OTiatant was discarded and cells were 
resuspended in 3 ml of ice-cold 1 x PBS by gentle vortexmg. Total cell numbers were 
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detennined using a haCTiocytometer, a maximum of 2 x 10* cells was used for subsequeat 
analyses. 

Transfomied PK-1 cells were collected by centriiugation at 500 x g for 10 min at 4°C and 
5 resuspended in 4 ml Sucrose buffer 1 (0.3 M sucrose, 3 mM calcium chloride, 2 mM 
magnesium acetate, 0.1 mM EDTA, 10 mM Tris-HQ (pH 8.0), 1 mM dithiothreitol 
(DTT), 0.5% v/v Igepal CA-630 (Sigma)). Cells were incubated at 4°C for 5 min to allow 
fhem to lyse then small aliquots were examined by phase-contrast microscopy. Under these 
conditions lysis can be visualized Homogenates were transferred to 50 ml tubes containing 
10 4 ml of ice-cold Sucrose buffer 2 (1.8 M sucrose, 5 mM magnesium acetate, 0.1 mM 
EDTA, 10 mM Tiis-HCl (pH 8.0), 1 mM DTT). 

To obtain efficient transcription run-on assays, nuclei should be purified from other 
cellular debris. One method for this is to purify nuclei by ultra-centrifugation toou^ 
15 sucrose pads. The final concentration of sucrose in a cell homogenate should be sufficient 
to prevent a large build up of debris at the interface between homogenate and the sucrose 
cushion. Therefore, the amount of Sucrose buffer 2 added to the initial cell homogenate 
was varied in some instances. 

20 To prepare a sucrose pad, 4.4 ml ice-cold Sucrose buffer 2 was transferred to a polyallomer 
SW41 tube (Bedcman). Nuclear preparations were carefully layered over the sucrose pad 
and centiifiiged for 45 min at 30,000 x g (13,300 rpm in SW41 rotor) at 4°C. The 
siqiematant was removed and flie pelleted nuclei loosened by gentle vortexing for 5 
seconds. Nuclei were resuspended by trituration in 200 nl ice cold glycerol storage buffer 

25 (50 mM Tris-HQ (pH 8.3), 40% v/v glycerol, 5 mM magnesium chloride, 0. 1 mM EDTA) 
per 5x 10^ nuclei. One hundred microlitres of this suspension (^^proximately 2.5 x 10^ 
nucleO was aliqooted into drilled microcentrifuge tubes and 1 jil (40 U) RNasin (Promega) 
was added. Usually such extracts were used immediately for transcr^tion run-on assays, 
aWiougJi fliey could be fiozra on dry ice and stored at -70°C or in liquid nitrogen for later 

30 use. 
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EXAMPLE5 
Nuclear transcription run-on assays 

All NTPs were obtained fiom Roche. Nuclear run-on reactions were initiated by adding 
100 jil of 1 mM ATP, 1 mM CTP, 1 mM GTP, 5 mM DTT and 5 ^l (50 jiCi) [a^¥]-UTP 
(GeneWorks) to 100 (il of isolated nuclei, prepared as hereinbefore described The reaction 
mix was incubated at 30^C for 30 min with shaking and terminated by adding 400 fil of 4 
M guanidine thiocyanate, 25 mM sodium citrate Q)H 7,0), 100 mM 2-mercaptoethanol and 
0.5% v/v N-lauryl sarcosine (Solution D). To purify in vitro synthesized RNAs, 60 ^l 2 M 
sodium acetate (pH 4.0) and 600 fil water-saturated phenol was added and the mixture 
vortexed; an additional 120 ]xl chlorofonn/isoamylalcohol (49:1) was added, the mixture 
vortexed and phases separated by centrifugation. 

The aqueous phase was decanted to a fiesh tube and 20 ng tRNA added as a carrier. RNA 
was precipitated by the addition of 650 \il isopropanol and incubation at -20°C for 10 min. 
RNA was coUected by centrifugation at 12,000 ipm at 4°C for 20 min and the peUet was 
rinsed with cold 70% v/v ethanol. The pellet was dissolved in 30 ^il of TE pH 7.3 (10 mM 
Tris-HCl, 1 mM EDTA) and vortexed to resuspend the pellet. 400 nl of Solution D was 
added and the mixture vortexed. The RNA was precipitated by the addition of 430 jil of 
isopropanol, incubation at -20*^0 for 10 mins and centrifuged at 10,000 g for 20 mtng at 
4*C. The supernatant was removed and the RNA pellet washed with 70% v/v ethanol. The 
pellet was resuspended in 200 nl of 10 mM Tris (pH 7.3), 1 mM EDTA and incorporation 
estimated with a hand-held geiger counter. 

To prepare the radioactive RNAs for hybridization, sanq)les were precipitated by adding 
20 nl 3 M sodium acetate pH 5.2, 500 nl efhanol and coUected by centrifugation at 12,000 
X g and 4°C for 20 mia The siqjematant was removed and ±e pellet resuspended in 1.5 ml 
of hybridization buffer (MRC #HS 1 14F, Molecular Research Centre Inc.). 



wo 01/70949 



PCT/AUOl/00297 



-39- 

EXAMPLE6 
Dot blot filter preparation 

Dot blot filters were prepared for the detection of ^^P-Iabelled nascent mRNA transcripts 
prepared as hereinbefore described A Hybond NX filter (Amersham) was prepared for 
each PK-1 cell line analyzed. Each filter that was prepared contained four plasmids at four 
successive one-fifth dilutions. The plasmids were pBluescript (registered trademark) n 
SK^ (Stratagene), pGEM,Actin (Department of Microbiology and Parasitology, University 
of Queensland), pCMV.Galt, and pBluescriptEGFP. 

The plasmid pCMV.Galt was constructed by replacing the EGEP open reading fi^e of 
pEGFP-Nl (Clontech) with the porcine a-l,3-galactosyltransferase (GalT) structural gene 
sequence. Plasmid pEGEP-Nl was digested with PinAL and Not I, blunted-ended using 
Pfid polymerase and then re-ligated creating tiie plasmid pCMV.cass. The GalT structural 
gene was excised from pCDNA3 .GalT (Bresagen) as an EcdBl fragment and Ugated into 
flie Eco^ site of pCMV.cass. 

The plasmid pBluescriptEGFP was constructed by excising the EGFP open reading fi^e 
of pEGEP-Nl and Mgating this fi^gmait into the plasmid pBluescript (registered 
trademark) E SK^. Plasmid pEGFP-Nl was digested with Noil and JOiol and the fragment 
NotVEGV?-Xho was tiien ligated into the Notl and Xhol sites of pBluescript II SK^ 

Ten micrograms of plasmid DNA for each construct was digested in a volume of 200 yX 
with the EcdKL The mixture was extracted with phenoychloroform/isoamylalcohol 
followed by chloroform^amylalcohol extracted, then ethanol precipateA The plasmid 
DNA pellet was suspended m 500 of 6 x SSC (0.9 M Sodium Chloride, 90 mM Sodium 
Citrate; pH 7.0) and then diluted in 6 x SSC at concoittations of 1 (ig/SO jil, 200 ng/50 fil, 
40 ng/50 111 and 8 ng/50 jiL The plasmids was heated to lOO^'C for 1 0 min and then cooled 
on ice. 
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An 8 X 11.5 cm piece of Hybond NX filter was soaked in 6 x SSC for 30 min. The filter 
was then placed into a 96-well (3nmi) dot-blot ^aratus (life Technologies) and vacuum 
locked. Five hundred microlilres of 6 x SSC was loaded per slot and the vacuum q)plied. 
While maintaining the vacuum, 50 nl of each plasmid DNA concentration for each plasmid 
was loaded onto the filter as a 4 x 4 matrix. This was replicated six times across the filter. 
While maintaming the vacuum, 250 jil of 6 x SSC was loaded per slot The vacuum was 
then released. The filter was placed (DNA side iq)) for 10 min on blotting p^er soaked in 
denaturing solution (1.5 M Sodium Chloride, 0.5 M Sodium Hydroxide). The filter was 
then transferred to blotting pq)er soaked in neutralising solution and soaked for 5 min in 1 
M sodium chloride, 0.5 M Tris-HCl (pH 7.0). 

The filter was placed in a GS Gene Linka: (Bio Rad) and 150 mJoules of energy applied to 
cross-link the plasmid DNA to the filter. The filter was rinsed in sterile water. To check the 
success of the blotting procedure, the filter was stained with 0.4% v/v methylene blue in 
300 mM sodium acetate (pH 5 J2) for 5 min. The filter was rinsed twice in sterile wa^ 
then de-stained in 40% v/v ethanol. The filter was then rinsed in sterile water to remove fihe 
ethanol and cut into its six individual replicates of the four-plasmid/concentration matrix. 

EXAMPLE? 
FUier Hybridization of Nuclear Transcripts 

Dot blot or Southern blot filters were transferred to a 10 ml MacCartney bottle and 2 ml of 
piehyhridization solution (Molecular Research Centre Inc. # WP 1 17) added to each bottle. 
Filters were incubated at 42T ovetoi^t in an mcubation oven with slow rotation 
(Hybai(0. 

The prehybridization bufGer was ranoved and replaced with 1.5 ml of hybridization buffer 
(MRC #EIS 114F, Molecular Research Centre hic.) containing ^^P-labelled nascent RNA, 
as described in Exanq)les 5 and 6, and this probe was hybridized to flie filters at 42**C for 
48hr. 
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FoUowing hybridization, the radioactively-labeUed hybridization buffer was removed and 
flie filters washed in washing solution (MRC #WP 117). Filters were washed in a total of 5 
changes of wash solution, each change being 2 ml. The washes were performed in the 
hybridization oven; the first three washes were at 30**C, the last two washes at 50*^0, 

5 

To finlher increase stringency and reduce background, filters were treated with RNase A. 
Filters were placed into 5 ml 10 jig/ml RNase A (Sigma), 10 mM Tiis 7.5), 50 mM 
NaCl and incubated at 37°C for 5 min. 

10 Filters were then wrapped in plastic wr^ and exposed to X-ray film 

EXAMPLES 
Co-suppression in mammalian cells: EGFP 

15 Six PK-1 cell lines have thus fer been examined These six lines consist of one 
untransformed control Une (wild type) and five lines transfonned witii the construct 
PCMV.EGFP (refer to Exan5)le 1). Two of these five lines are positive for EGHP 
e3q)ressian as visualized by microscopic examination under UV light. All cells of the 
monolayCT firan line A4g are EGFP positive, while proximately 0.1% of the monolayer 

JO cells for line A7g are EGFP positive. The remaining lines C3, C8, and CIO are visuaUy 
negative for ECTP ©q)ression. 

Nuclear transcription ruuron assays were performed as described in Examples 4 to 7, 
above. In filter hybridization analysis of the labelled products the inclusion of the four 
!5 plasmids at four canc«itrations serves two purposes. The four concentrations specifically 
indicate fte minimum concentration of target plasmid required to detect flie target mRNA 
transcrq)t The four plasmids serve as specific targets and controls for the ejq>eriment The 
plasmids serve the following fimctions. 



wo 01/70949 



PCT/AUOl/00297 



-42- 



pBbiesayft nSE^ 

This plasmid is to check for non-specific hybridization of synfliesized nuclear KNA to Ihe 
plasmid backbone common to all the target constracts used. 

S pBluescripLEGFP 



This plasmid is the target of ^^P-labefled nuclear EGFP RNA. Hybridization to this 
plasmid mdicates active traoscr^tion of EGFP RNA. This was evident in lines A4g, A7g, 
C3 and C8, but not evident in line CIO. 

pCMV.GalT 

GalT (a-l,3-galactosidyl transferase) is an mdogenous porcme gene. This plasmid thus 
serves as a positive control target for an endogenous porcine gene, 

pGentAcdn 

P-actin is a ubiquitous gene of eukazyotes and a common mRNA species. This plasmid, 
containing a chicken p-actin cDNA sequmce, serves as an additional positive control. 

The following conclusions can be drawn from the results of these experiments: 

(1) Non-specific hybridization to flie plasmid backbone of these constructs did not 
occur. Hybridization to tiie GalT positive control did not occur for aU Imes, in 
agreanrat wifli expectation since the mRNA of this gene is not abundant 

(2) Hybridization to the P-actin gene positive control occurred for all Imes m 
agreement with eigpectation, given the mRNA of this gene is abundant 
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(3) Hybridization to the EGFP gene by nascent RNA for the Unes A4g and A7g 
was as expected based on visual observations of EGFP expression in these 
lines. 

5 (4) Hybridization to the EGFP gene by nascent RNA for silenced lines C3 and C8 

is indicative of co-si5)pression of EGFP transcripts under normal growth 
conditions for these lines. 

Co-suppression activity in line CIO has not been demonstrated in this 
10 expraiment 

Table 1 summarizes the ejcpected outcome and the observed outcomes for the 
hybridization of ^^P-labelled nuclear RNA to the aforementioned plasmids. Table 1 also 
indicates the minimum concentration of target plasmid DNA for which hybridization of the 
15 specific nuclear RNA was onserved 



TABLEl 



Ccfl ; 
iiiie. 




Target 
>Ampanf 


pBldesciiptn * '} 


; pCMV.GalT 


; pBliiescriptIL/, 


I . .pGenuActin . . 




ObsV 


. - Exp-.s. 


pbs 


-■.Eip-'- 


f Obs 


Exp : 


Obs 


PK 


No 




Nfl 


Nfl 


Hyb'n 


Hyb'n 


Nfl 


Nfl 


Hyb'n 


Hyb'n 


A4g 


Yes 




Nfl 


Nfl 


Hyb'n 


Hyb'n 


Hyb'n 


Hyb'n 


Hyb'n 


Hyb'n 


A7g 


Yes 


Ijig 


m 


Nfl 


Hyb'n 


Hyb'n 


Hyb'n 


Hyb'n 


Hyb'n 


Hyb'n 


C3 


No 


>200ng 


m 


Nfl 


Hyb'n 


Hyb'n 


Hyb'n 


Hyb'n 


Hyb'n 


Hyb'n 


C8 


No 


1 MS 


Nil 


Nfl 


Hyb*n 


Nfl 


Hyb'n 


Hyb'n 


Hyb'n 


Hyb'n 


CIO 


No 


IMS 


Nfl 


Nfl 


Hyb'n 


Nfl 


Hyb'n 


Nfl 


Hyb'n 


Hyb'n 



20 EGFP Bqjress-ECTP Expression 
Exp = Bcpected result for PTGS 
Obs = Observed result 
Hyb'n = hybridization 
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EXAMPLE 9 
Co-suppression of genes 

5 The inventors demonstrate co-suppression of a transgene, enhanced green fluorescent 
protein (EGFP), in cultured porcine kidney cells. The inventors further demonstrate co- 
suppression of a broad range of endogenous genes in different cell types and agents such as 
viruses, cancers and transplantation antigen. Particular targets include: 

10 (a) Bovine enterovirus (BEV). Frozen lines of BEV-transfonned cells are revived 

and grown througji many generations over sev^al weeks/months before being 
challenged with BEV. Cells that are effectively co-siq)pressed are not killed by 
the virus immediately. This viral-tolerant phenotype provides a demonstration 
of utility. 

15 

(b) Tyrosinase, the product of a gene essential for melanin (black) pigment 

fonnation in skin. Silencing of the tyrosinase gene is readily detected in 
cultDTcd mouse melanocytes and subsequently in black strains of mice. 

20 (c) Galactosyl transferase (GalT). Silencing of the GalT gene occurs in parallel 

wifli cell death althougji GalT itself is not essential to cell survival. The 
inventors assume that cell deafli occurs because GalT is one member of a gene 
&mily, where members of the femily share a similar DNA sequence(s), 
reflecting similarity of function (transfer of sugar residues). Some of these 

25 genes may be essential to cell survival. The inventors transform pig cells with 

3* untranslated region (3'-UTR) of the GalT gene, rather than the entire gene, to 
target segmats that are unique to GalT for degradation, and hence silence GalT 
alone. 

30 (d) Thymidine kinase (TK) converts thymidine to thymidine monophosphate 

(TMP). The drug 5-bTomo-2*Hieoxyuridine (BrdU) selects cells that have lost 
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TK. la cells with functioning TK, the enzyme converts the drug analogue to its 
coixesponding 5*-monophosphate, which is lethal once it is incoiporated into 
DNA. NIH/3T3 cells are transformed with a construct comprising the TK gene. 
Cells that are effectively co-suppressed will tolerate the addition of BidU to the 
growth medium and will continue to replicate. 

(e) A cellular oncogene such as HER'2 or Bm-l, associated with transformation of 
normal cells into cancer cells. 

(f) A cell surface antigen on a human and/or mouse haemopoietic (''blood- 
forming*') cell line. These cells are the precursors of white blood cells, 
responsible for immunity; they are characterized by specific surface antigens 
which are essential to their immune function. A particular advantage of this 
system is that the cells grow in suspension (raflier than being attached to the 
culture vessel and to each other) so are easily examined by microscope and 
quantified by fluorescence activated cell sorting (FACS). hi addition, a vast 
range of reagents is available for identifying specific antigens. 

(g) Tyrosinase, the product essential for melanin (black) pigment production in 
melanocytes in mice. In transgenic mice, inactivation of the endogenous 
tyrosinase can be readily detected as a change in coat coloxn of animals in 

.strains fliat normally produce melaniiL Such a phenotype provides 
demonstratian of utiUty in transgenic animals. 

(h) Galactosyl transferase (GalT) catalyses the addition of galactosyl residues to 
cell surfece protefais. Liactivation of GalT in transgmic mice can be readily 
detected by assaying tissues of transgenic animals for loss of galactosyl 
residues and provides demonstration of utiHty in transgenic animals. 



30 (i) 



YB-1 (Y-box DNA/RNA-bindmg fector 1) is a transcaiption fector that binds, 
inter oBfl, to the promoter region of the p53 gme and in so doing represses its 
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esqjression. Ih cancer cells that express normal p53 protein at normal levels 
(some 50% of all human cancas), the ejqiression of p53 is mder the control of 
YB-1, such fliat silencing of YB-1 results in increased levels of p53 protein and 
consequent i^optosis. 

5 

EXAMPLE 10 
Generic techniques 

L Tissue culture man^ulations 

10 

(a) Adherent cell lines 

Adherent cell monolayers were grown, maintained and counted as described in Exanq)le 1. 
Giowfli medium consisted of eiflier DMEM siq)plemented wifli 10% v/v FBS or RPMI 
15 1640 Medium (life Technologies) supplemented with 10% v/v FBS. Cells were always 
grown in incubators at ZTC in an atmosphere containing 5% v/v CO2. 

During the course of these experiments it was frequenUy necessary to passive the ceU 
monolayer. To achieve fliis, flie monolayers were washed twice with 1 x PBS and thai 

20 treated with trypsin-EDTA for 5 min at 3rc. The volumes of tiypsin-EDTA used for sudi 
manipulations were typically 20 jxl, 100 fil, 500 ^1, 1 ml and 2 ml for 96 well. 48 well, 6 
well, T25 and T75 vessels, respectively. The action of the trypsm-EDTA was stopped with 
an equal volume of growth medium. The cells were suspended by trituration. A 1/5 volume 
of the ceU suspension was then transferred to a new vessel containing growth medium. 

25 Tissue culture medhnn volumes were typically 192 fil for 96-weU tissue culture plates, 360 
jJ for 48-well tissue culture plates, 3.8 ml for 6-well tissue culture plates, 9.6 ml fiw T25 
and 39.2 ml for T7S tissue culture vessels. 



Cell suspensions were counted as described in Exanq)le 1, above. 

30 
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(b) Non-adherent cells 

Non-adhereat cells were grown in growfli medium similarly to adherent cell lines. 

As in the case of adherent monolayers, frequent changes of tissue culture vessels were 
necessary. For T25 and T75 vessels, the cell suspension was removed to 50 ml sterile 
plastic tubes (Falcon) and centrifuged for 5 min at 500 x g and 4<'C. The siq)ematant was 
tiien discarded and the cell pellet suspended in growth medium. The cell suspension was 
then placed into a new tissue culture vessel For 96-well, 48-well, and 6-well vessels, the 
vessels were centrifuged for 5 mm at 500 x g and 4*'C. The siq)ematant was flien aspirated 
away from the ceU pellet and flie cells suspended in growth medium. The cells were then 
transferred to a new tissue culture vessel. Tissue culture media volumes were typically 200 
^1 for 96-well tissue culture plates, 400 nl for 48-weU tissue culture plates, 4 ml for e-well 
tissue culture plates, 11 ml fijr T25 and 40 ml for T75 tissue culture vessels. 

Passaging the ceU suspensions was achieved in the foUowing manner. Cells wwe 
centrifuged for 5 min at 500 x g and 4°C and suspended in 5 ml growth medium. Then 0.5 
ml (T25) or 1.0 ml (T75) of the cell suspension was transferred to a new vessel containing 
growth medium. For cells in 96-well, 48-well, and 6-well plates, a 1/5 volume of cells was 
transferred to tiie corresponding wells of a new vessel containing 4/5 volume of growth 
medium. 



Cells were counted as described for adherent cells. 

25 2. Protocol for/reezing cells 

Cells stored for later use were frozen according to the protocol outlined in Example 1, 
above. Adherent monolayers were washed twice with 1 x PBS and then treated with 
trypsin-EDTA (life Technologies) for 5 min at 37°C. Non-adherent cells were centrifuged 
30 «»■ 5 min at 500 xg and 4»C. The cells were suq>aided by trituration and transferred 
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storage medium consisting of DMEM RPMI 1640 supplemented with 20% v/v FBS and 
10% vAr dimefliylsulfoxide (Sigma). 



3. Cloning of ceU lines 

5 

Adherent and non-adhwent mammalian ceU types were transfected with specific plasmid 
vectors canying e3q)ression constructs to target specific genes of interest Stable, 
transformed cell colonies were selected over a period of 2-3 weeks using ceU growth 
medhan (either DMEM, 10% v/v FBS or RPMI 1640, 10% v/v FBS) siqjplemented with 
10 geneticin or puromydn. Individual colonies were* cloned to establidi new transfected cell 
lines. 



(a) Adherent cells 



15 As opposed to the dilution cloning method outlined in Bcample 3, above, in further 
exanq)les using adherent cells, individual lines were cloned from discrete colonies as 
follows. First, flie medium was removed from an individual well of a 6-well tissue culture 
vessel and the cell colonies washed twice with 2 ml of 1 x PBS. Next, individual colonies 
were detadied from flie plastic culture vessel with a sterile plastic pqjette tq) and moved to 

20 a 96-well plate containing 200 fxl of conditioned medium (see Example 1) supplemented 
with either geneticin or puiomycin. The vessel was then incubated at ITC and 5% v/v 
QOi for proximately 72 hr. hidividual weUs were microscopically examined for growing 
colonies and the medium rq)laced with fresh growth medium- When the monolayw of 
each stable line had reached about 90% confluency it was transferred in successive steps as 

25 previously described until the stable, transformed Une was housed in a T25 tissue culture 
vesseL At this point, aliquots of each stable ceU line were frozen for long tenn 
maintmance. 



30 



(b) Non-adharent cells 

Non-adheroit cells woe cloned by flie dihition clomng mefihod described in Exaiiq)le 3. 
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4. Cdl ttudei isolation protocol 
(a) Adherent cells 

5 

A 100 mm Petri dish (Costar) or T75 flask containing 30 ml of growfli medium (DMEM or 
KPMI 1640) including 10% v/v FBS was seeded with 4 x 10* cells and incubated at 3T'C 
and 5% v/v CO2 untU the monolayer was about 90% confluent (overnight). The Petri dish 
containing the monolayer was placed on a bed of ice and chilled before processing. 
10 Medium was decanted and 8 ml of 1 x PBS (ice cold) was added to the Petri dish, and the 
tissue monolayer washed by gently rocking the dish. The PBS was again decanted and the 
washrq>eated. 



The tissue monolayer was overlaid wifli 4 ml of ice-cold sucrose buffer A [0.32 M sucrose; 
0.1 mM EDTA; 0.1% v/v Igepal; 1.0 mM DTT; 10 mM Tris-HCl, pH 8.0; 0.1 mM PMSF; 
1.0 mM EGTA; 1.0 mM Spermidine] and cells lysed by incubating them on ice for 2 min. 
Using a cell scraper, adherent cells were dislodged and a small aliquot of cells escamined 
by phase-contrast microscopy. If the ceUs had not lysed, they were transferred to an ice- 
cold dounce homogenizer (Braun) and broken with 5-10 strokes of a type S pestle. 
Additional strokes were sometimes required. Cells were then examined microscopically to 
verify that nuclei were free from cytoplasmic debris. Ice-cold sucrose buffer B [1.7 M 
sucrose; 5.0 mM magnesium acetate; 0.1 mM EDTA; 1.0 mM DTT. 10 mM Tris-HCl, pH 
8.0; 0.1 mM PMSF] (4 ml) was then added to the Petri dish and the buffers mixed by 
gentle stirring with the ceU scraper. The final concentration of sucrose in ceU homogenates 
should be sufficient to prevent a large build-up of debris at the interfece between the 
homogenate and tiie sucrose cushion. The amount of sucrose buffer 2 added to ceU 
homogenate may need to be acy usted accordingly. 
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(b) Non-adherent cells 

A T75 tissue culture vessel containing 30 ml of growth medium (DMEM or RPMI 1640) 
including 10% v/v FBS was seeded with 4 x 10^ cells and incubated at ST'C and 5% v/v 
5 CO2 ovemigjit 

The contents of the T75 flask were transferred to a 50 ml screw-capped tube (Falcon), 
which was placed on ice and allowed to chill before processing. The tube was centrifuged 
at 500 X g for 5 min in a chilled centrifuge to pellet cells. Medium was decanted, 10 ml of 
10 1 X PBS (ice cold) added to the tube and the cells suspended by gentle trituration. The PBS 
was again decanted and the wash rep eated. 

Cells were suspended in 4 ml of ice-cold sucrose buffer A and lysed by incubating on ice 
for 2 min and, optionally, by dounce homogenisation, as described above for adherent cells 
15 lines. 

(c) Isolation protocol 



20 



Nuclei were isolated from cellular debris by sucrose pad centrifugation, according to the 
protocol described in Exan^le 4, except that sucrose bufiEers 1 and 2 were replaced by 
suCTOse buiBFers A and B, respectively. 

5. Nuclear transcription run-on protocol 



25 Example 5 provides the method, by nuclear transcription run-on protocol, for the 
prq>aialion of [a-^^P]-UTP-labeUed nascent KMA transcripts for gene-specific detection 
by filter hybridization (Examples 6, 7 and 8). To detect gene-spedfic transcription run-on 
products, an altanative approach to filter hybridization is the ribonuclease protection 
assay. Strand-spedfic, gene-specific unlabelled RNA probes are prq)ared using standard 

30 techniqaes. These are annealed to ^^P-labelled RNAs isolated fiom transcription run^ 
experiments. To detect double-stranded RNA. annealing reaction products are treated with 
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a mixture of single strand specific RNases and reaction products are examined using 
PAGE. Techniques for tins are well known to those experienced in the art and are 
described in RPA m (trademark) handbook 'Ribonuclease Protection Assay' (Catalog #s 
1414, 1415rAmbionIhc.). 

5 

An additional method was used for the prq)aration of biotin-labelled nascent KNA 
transcripts (Patrone et aL, 2000) for gene specific detection by real-time PGR assays. Intact 
nuclei were isolated fiom adherent and non-adherent cell types (refer to Examples 12-19, 
below) and stored at -70*^0 in concentrations of 1 x 10^ per ml in ^ycerol storage buffer 
10 [50 mM Tris-HCl, pH 83; 40% v/v glycerol, 5 mM Mga2 and 0.1 mM EDTA]. 

One hundred microlitres of nuclei (10*^) in glycerol storage buflfer was added to 100 |il of 
ice cold reaction bufGsr siq)plemented with nucleotides [200 mM KCl, 20 mM Tris-HCl 
pH 8.0, 5 mM MgCl2, 4 mM dithioflireitol (DTT), 4 mM each of ATP, GTP and CTP, 200 
15 mM sucrose and 20% v/v glycerol]. Biotin-16-XJTP (fix)m 10 mM tetralithium salt; Sigma) 
was supplied to the mixture, which was incubated for 30 min at 29^C, The reaction was 
stopped, the nuclei lysed and digestion of DNA initiated by the addition of 20 jil of 20 mM 
calcium chloride (Sigma) and 10 nl of 10 mg/ml RNase-fiw DNase I (Roche). The 
mixture was incubated for 10 min at 29°C. 

20 

Isolation of nuclear run-on and total, including cytoplasmic, RNA was performed usmg 
TRIzol (registered trademark) reagent (life Technologies) as per the manufecturer's 
instructions. RNA was suspended in 50 ^il of RNase-fi:ee water. Nascent biotin-16-UTP- 
labeUed run-on transcripts are theu purified firom total RNA using streptavidin beads 
25 (Dynabeads (registered trademaik) kilobaseBINDER (trademark) Kit, Dynal) according to 
the manufacturer's instructions. 

Real-time PCR reactions are performed to quantify gene transcription rates firom these run- 
on ejqjeriments. Real-time PCR chemistries are known to those femiliar with the art Sets 
30 of oUgonucleotide primers are designed which are specific for transgenes, endogenous 
genes and ubiquitously-expressed conliol sequences. OHgonudeotide amplification and 
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rq)orter primers are designed using Primer Express software (Perkin Ehner). Relative 
transcript levels are quantified using a Rotor-Gene RG-2000 system (Coibett Research). 

6^ Detection ofmRNA 

5 

Ribonuclease protection assay, using the method of annealing unlabelled mRNA to ^^P- 
labelled probes, may be used to detect transcripts of endogenous genes and transgenes in 
the cytoplasm. Reaction products are examined using PAGR Steady state levels of RNA 
products of endogenous genes and transgenes are assessed by Northern analysis. 

10 

Alternatively, relative mRNA levels are quantified using real-time PGR with a Rotor-Gene 
RG-2000 system with anq)lification and reporter oligonucleotides designed using Primer 
E3q)ress software for specific transgenes, endogenous genes and ubiquitously-expressed 
control genes. 

15 

Z Southern blot analysis of mammalian genomic DNA 

For all subsequent examples, Southern blot analyses of genomic DNA were carried out 
according to flie foUowmg protocol. A T75 tissue culture vessel containing 40 ml of 
20 DMEM or RPMI 1640, 10% vA^ E3S was seeded with 4 x 10^ cells and incubated at 37°C 
and 5 % v/v CQ2 for 24 hr. 

(a) Adherent cells 

25 For adherent cells, proceed as follows : decant medium and add 5 ml of 1 x PBS to the T75 
flask and wash the tissue monolayer by gently rocking. Decant the PBS and repeat washing 
of file tissue monolayer with 1 x PBS. Decant the PBS. Overlay the monolayer with 2 ml 1 
x PBS/I X Trypsin-EDTA. Cover the surfece of the tissue monolayer evenly by gentle 
rocking of tiie flask. Incubate the T75 flask at 37^0 and 5% v/v CO2 until the tissue 

30 monolayer sq)arates fiom the flask. Add 2 ml of medium including 10% v/v FBS to the 
flask. Under microscopic examination, the cells should now be singje and round. Transfer 
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10 



20 



flje cells to a 10 ml capped tube and add 3 ml of ice-cold 1 x PBS. Invert the tube several 
times to mix. PeUet tbe cells by centrifiigation at 500 x g for 10 min in a refiigeiated 
ceotrifege (4»Q. Decant the supernatant and add 5 ml of ice-cold 1 x PBS to the capped 
tube. Suspeod the cells by gentle vortexing. Detennine the total number of cells using a 
haemocytonwter slide. Cell numbers should not exceed 2 x 10*. Pellet the cells by 
centrifiigation at 500 x g for 10 min in a reMgerated centrifiige {A^C). Decant the 
si^ematant. 

(b) Non-adherent cells 



For non-adherent cells proceed as foUows: decant cell suspension into a 50 ml Falcon tube 
and centrifuge at 500 x g for 10 min in a reMgerated centrifuge (4°C). Decant the 
siqjematant and add 5 ml of ice-cold 1 x PBS to the ceUs and suspend the cells by gentle 
vortexing. Pellet the cells by centrifugation at 500 x g for 10 min in a refrigerated 
15 centrifiige (4*C). Decant the supernatant and add 5 ml of ice-cold 1 x PBS to the Falcon 
tube. Suspend the cells by gentle vortexing. Determine the total number of cells using a 
haemocytometer sUde. Cell numbers should not exceed 2 x 1Q\ Pellet the cells by 
centrifiigation at 500 x g for 10 min in a refiigeiated centrifiige (4»C). Decant the 
si^)etnatant. 



(cJ -DNA extraction and analysis 



Genomic DNA, for both adherent and non-adherent cell lines, was extracted using the 
Qiagen Genomic DNA. extraction kit (Cat No. 10243) as per the manufacturer's 
25 instructions. The concentration of genomic DNA recovered was determined using a 
Beckman model DU64 photospectrometw at a wavelengfli of 260 nm. 

Genomic DNA (10 jig) was digested with appmpnate restriction endonucleases and buffer 
in a vohime of 200'nl at 37°C for qjproximately 16 hr. FoUowing digestion. 20 of 3 M 
30 sodium acetate pH 52 and 500 ^l of absohiteeflianol were added to the digest and the 
sotations mixed by vortexing. The mixture was incubated at -20»C for 2 hr to precqntate 
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the digested genomic DNA. The DNA was pelleted by centrifugation at 10,000 x g for 30 
min at 4**C, The siq)ematant was removed and the DNA pellet washed with 500 ^1 of 70% 
v/v ethanol. The 70% v/v eflianol was removed, the pellet air-dried, and the DNA 
suspended in 20 fil of water. 

5 

Gel loading dye (OJ25% w/v bromophenol blue (Sigma); 0.25% w/v xylene cyanol FF 
(Sigma); 15% w/v FicoU Type 400 (Pharmacia)) (5 nl) was added to the resuspended DNA 
and the mixture transferred to a well of 0.7% w/v agarose/TAE gel containing 0.5 ng/ml of 
ethidium bromide. The digested genomic DNA was electrophoresed througji the gel at 14 
10 volts for approximately 16 hr. An appropriate DNA size marker was included in a parallel 
lane. 

The digested genomic DNA was then denatured (1.5 M NaCl, 0.5 M NaOH) in the gel and 
the gel neutralized (1.5 M NaCl, 0.5 M Tris-HQ pH 7.0). The electrophoresed DNA 
15 fiagments were then capillary blotted to Hybond NX (Amersham) membrane and fixed by 
UV CTDss-linldng (Bio Rad GS Gene Linker). 

The memfarane containing the cross-linked digested genomic DNA was rinsed in sterile 
water. The membrane was then stained in 0.4% v/v methylene blue in 300 mM sodium 
20 acetate (pR 5J2) for 5 min to visualize the transferred genomic DNA. The membrane was 
then rinsed twice in sterile water and destained in 40% v/v ethanoL The membrane was 
then rinsed in sterile water to remove eflianol. 

The membrane was placed in a Hybaid bottle and 5 ml of pre-hybiidization solution added 
25 (6 X SSPE, 5 x Denhaidt's reagent, 0.5% w/v SDS, 100 \igfjnl denatured, fragmented 
herring sperm DNA). The membrane was pre-hybridized at eO^'C for proximately 14 hr 
in a hybridization oven with constant rotation (6 rpm) . 

Probe (25 ng) was labelled with [a^HCTP (specific activity 3000 Ci/mmol) using the 
30 Megqmme DNA labelling system as per flie manufacturer's instructions (Amersham Cat 
No. RPN1606). Labelled probe was passed througji a G50 Sephadex (Juick Spin 
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(ttademaik) column ^Roche, Cat No. 1273973) to remove miincoiporated nucleotides as 
per flie manufacturer's instmctions. 

The heat-denatured labelled probe was added to 2 ml of hybridization buffer (6 x SSPE, 
5 0.5% w/v SDS, 100 fig/ml denatured, fiagmented herring sperm DNA) pre-waimed to 
60*^C. The pie-hybridization buffer was decanted and replaced with 2 ml of pre-warmed 
hybridization buffer containing the labelled probe. The membrane was hybridized at 60°C 
for ^^proximately 16 hr in a hybridization oven widi constant rotation (6 ipm). 

10 The hybridization buffer containing lie probe was decanted and the membrane subjected 
to several washes: 

2 X SSC, 0.5% w/v SDS for 5 min at room tenq)erature; 
2 X SSC, 0.1% w/v SDS for 15 min at room temperature; 
15 0.1 X SSC, 0.5% w/v SDS for 30 min at 37^C with gentle agitation; 

0.1 X SSC, 0.5% w/v SDS for 1 hour at 68°C with gentle agitation; and 
0.1 X SSC for 5 min at room temperature wifh. gentle agitation. 

Washing duration at 68°C varied based on the amount of radioactivity detected with a 
20 hand-held Geiger counter. 

The danq) membrane was wr^ed in plastic wr^ and ejqwsed to X-ray film (Curix Blue 
HC-S Phis, AGFA) for 24 to 48 hr and the fihn developed to visualize bands of probe 
hybridized to genomic DNA. 

25 

& hnmunojhiorescent labelling of cutaired cells 

Glass microscope cover slips (12 mm x 12 mm) were flamed wifli ethanol then submerged 
in 2 ml growth medium, two per well, in six-well plates. Cells were added to wells in 1-2 
30 ml medhmi to give a deosity of cells after 16 hr growth such fliat cells remain isolated 
(200,000 to 500,000 per well depmUng on size and growth rate of cells). ^V(^out 
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ranoving the covct slips fiom wells, the medium was aspirated and cells were washed with 
PBS. For fixation, cells were treated for 1 hr with 4% w/v paraformaldehyde (Sigma) in 
PBS then washed fliree times with PBS. Fixed cells were penneabilized with 0.1% v/v 
Triton X-lOO (Sigma) in PBS for 5 min then washed tiiree times with PBS. Cells on cover 
slips were blocked on one drop (about 100 fil) of 0.5% w/v bovine semm albumin Fraction 
V (BSA, Sigma) for 10 min. Cover slips were flien placed for at least 1 h on 25 ftl drops of 
primary mouse monoclonal antibody which had been diluted 1/100 in 0.5% v/v BSA m 
PBS. Cells on cover slips were then washed three times with 100 fil of 0.5% v/v BSA in 
PBS for about 3 min each before being placed for 30 min to 1 hr on 25 \il drops of Alexa 
Fluor (registered trademark) 488 goat anti-mouse IgG conjugate (Molecular Probes) 
secondary antibody diluted 1/100 in 0.5% v/v BSA in PBS. Cells on cover sUps were then 
washed three times with PBS. Cover slips were mounted on glass microscope slides, three 
to the sKde, in glycerolyDABCO [25 mg/ml DABCO (l,4-dia2abicyclo(2.2.2)octane 
(Sigma D 2522)) in 80% v/v glycerol in PBS] and examined with a lOOX oil immersion 
objective under UV illumination at 500-550 nm. 

9. Composition of media used in experimental protocols 

The compositions of DMEM, Ora-MEM I (registered trademark) Reduced Serum 
Medhnn, PBS and Trypsin-H3TA used are set out in Example 1 . 

(a) RPM 1640 Medium 

A commercial formulation of RPMI 1640 medium (Cat No. 21870) was used and obtained 
fixmi Life Technologies. The liquid formulation was: 



Ca(N03)2.4H20 

Ka 



lOQmg/1 
400 mg/1 
48.84 mg/1 
6,000 mg/1 
2,000 mg/1 



MgS04 (anhyd) 

NaQ 

NaHCQs 
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NaH2P04(anhyd) 800 mg/1 

D-glucose 2,000 mg/1 

Glutatbione (reduced) 1 .0 mg/1 
Phenol Red 5 mg/1 

5 L-Argmine 200mg/l 

L-Asparagine (ftee base) 50 mg/1 
I^Aspartic Acid 20 mg/1 

L-Cy5tme.2Ha 65 mg/1 

I^Glutamic Acid 20 mg/1 

10 Glycine lOmg/l 

L-HHstidine (free base) 1 5 mg/1 

L-Hydroxyproline 20mg/l 

Lrlsoleucine 50 mg/l 

L-Leucine 50 mg/1 

15 L-Lysine aci 40 mg/1 

L-Metibionine 15 mg/1 

L-Phenylalanine 15 mg/1 

L-Pioline 20 mg/1 

L-Serine 30 mg/I 

20 L-rhreomne 20 mg/1 

L-Tiyptqphan 5 mg/1 

L-Tyrosine.2Na.2H2O 29 mg/1 

L-Valine 20 mg/1 

Biotin 0.2 mg/1 

25 ]>Ca Pantothenate 0.25 mg/1 

Choline diloiide 3 mg/1 

Folic Add lmg/1 

i-Liositol 35 mg/l 

Niacinamide 1 mg/l 

30 Paxa-aminobeszioc Add 1 mg/l 

PyridoxineHCI lmg/1 
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° Riboflavin 02mg/l 
ThiammeHC3 Img/l 
Vitamin Bi2 0.005 mg/1 

5 EXAMPLE 11 

Preparadon ofplasmid construct cassettes for use in achieving co-suppression 

1. Generic RNA isolation, cDNA syndesis and PCR protocol 

10 Total RNA was purified fiom the indicated cell lines using an RNeasy Mini Kit according 
to the manufecturer's protocol (Qiagen). To prepare cDNA, this RNA was reverse 
transaibed using Omniscript Reverse Transcriptase (Qiagen). Two micrograms of total 
RNA was reverse transcribed using 1 \iM oMff> dT (Sigma) as a primer in a 20 reaction 
according to flie mann&cturer's protocol (Qiagen). 

15 

To amplify specific products, 2 jil of fliis mixture was used as a substrate for PCR 
amplification, which was performed using HotStarTaq DNA polymerase according to the 
manufecturer's protocol (Qiagen). PCR amplification conditions involved an initial 
activation step at 95^0 for 15 mins, followed by 35 amplification cycles of 94^ for 30 
20 sees, eO'C for 30 sees and 72"'C for 60 sees, with a final elongation step at 72<'C for 4 



nuns. 



PCR products to be cloned were usually purified using a QIAquick PCR Purification Kit 
(Qiagen); in instances where multiple fiagments were generated by PCR, the fragment of 
the correct size was purified fiom agarose gels using a QIAquick Gel Purification Kit 
(Qiagen) according to ihe manufiicturer's protocol 

Amplification products were then cloned into pCR (registered trademaric)2.1-TOPO 
(Ihvitroga) according to flie manufiicturer's protocol 
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2. Generic cloning techniques 

To prepare the constructs described below, insert fragments were excised from 
intramediate vectors using restriction enzymes according to thie manufacturer's protocols 
5 (Roche) and fragments purified from agarose gels using QIAquick Gel Purification Kits 
(Qiagen) according to the manufacturer's protocol Vectors were usually prepared by 
restriction digestion and treated with Shrimp Alkaline Phosphatase according to the 
manufecturer's protocol (Amersham). Vector and inserts wore ligated using T4 DNA 
li^ according to flie manufacturer's protocols (Roche) and transformed into competent 
10 E. coli strain DHSa using standard procedures (Sambrook et al.; 1984). 

3, Constructs 

(a) Commercial plasmids 

15 

Plasmid pEGFP.m 

Plasmid pEGFP-Nl (Figure 1; Qontech) contains the CMV IE promoter operably 
connected to an open reading frame encoding a red-shifted variant of the wild-type GFP 
whidi has been optimized for brighter fluorescence. The specific GFP variant encoded by 
20 pEOT-Nl has been disclosed by Cormack et al (1996). Plasmid pEGFP-Nl contains a 
nwltq)le cloning site comprising Bgm and BamSi sites and many other restriction 
endonnclease cleavage sites, located between the CMV IE promoter and the EGFP open 
leadmg fiame. The plasmid pEGFP-Nl will expnss the EGFP protein in mammaUan cells. 
In addition, stiiictural genes cloned into the multiple cloning site will be expressed as 
25 EGFP fiisioa polypq)tides if fliey are in-frame with the EGFP-encoding sequence and lack 
a fimctional tianslation stop codon. The plasmid further comprises an SV40 
polyadfflijdation signal downstream of flie EGFP open reading frame to direct proper 
pn)cessing of tiie 3'-end of mRNA transcribed from flie CMV IE promoter sequence 
(SV40 pA). The plasmid forther comprises flie SV40 origm of replication fimctional in 
30 animal cells; flie neomydn-resistance gene conqmsing SV40 early promoter (SV40-E in 
Figure 1) operabfy connected to flie neomycin/kanamycin-resistance goie derived from 
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Tn5 (Kan/Neo in Figure 1) and the HSV thymidine kinase polyadenylation signal, for 
selection of transfonned cells on kanamycin, neomycin or geneticin; the pUC19 origin of 
replication which is functional in bacterial cells and the fl origin of replication for single- 
stranded DNA production. 

5 

Plasmid pBluescript II SK^ 

Plasmid pBluescript II SK*" is commercially available jfrom Stratagene and comprises the 
lacZ promoter sequence and lacZ-a transcription terminator, with multiple restriction 
endonuclease cloning sites located there between. Plasmid pBluescript II SK* is designed 
0 to clone nucleic acid fragments by virtue of the multiple restriction endonuclease cloning 
sites. The plasmid further comprises the ColH and fl origins of replication and the 
ampidllin-resistance gene. 

Plasmid pCP (registered trademark) 2 J 

5 Plasmid pCR2.1 is a commeroially-available, T-tailed vector from Invitiogen and 
con5)rises the lacZ promoter sequence and lacZ-a transcription termmator, with a cloning 
site for the insertion of structural gene sequences there between. Plasmid pCR (registered 
trademark) 2.1 is designed to clone nucleic add fragments by virtue of flie A-ovcriiang 
frequently synthesized by Tag polymerase during the polymerase diain reaction. The 

) plasmid further comprises the CoIEI and fl origins of rq)Kcation and kanamycin-resistance 
and anq>icillin-resistance genes. 

Plasmid pCR (re^ter ed trademark) 2,1'TOPO 

Plasmid pCR (registered trademark) 2.1-TOPO is a commercially available T-tailed vector 
' from Invitrogen and conqmses the lacZ promoter sequence and lacZ-a transcription 
terminator, with multiple restriction endonuclease cloning sites located there between. 
Plasmid pCR (registered trademark) 2.1-TOPO is provided with covalently bound 
topoisomerase I enzyme for fest cloniug. The plasmid furtho- comprises the ColEl and fl 
origins of replication and the kanamycin and ampidlKn resistance genes. 
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PlasnddDPTTn 

Plasmid pPUR is commercially available from aontecli and comprises the SV40 eariy 
pnanoter pperably connected to an open reading frame encoding the Streptomyces 
alboniger puromycin-N-acetyl-transferase (pac) gene (de la Luna and Ortin, 1992). The 
5 plasmid further comprises an SV40 polyadenyMon signal downstream of the pac open 
reading frame to direct proper processing of the 3'-end of mRNA transcribed from the 
SV40 E promoter sequence. The plasmid fiirflier comprises a bacterial repUcation origin 
and the anq)icillin resistance (P-lactamase) gene for propagation in E. coli. 

10 (b) Intermediate cassettes 

Plasmid TYlPn nan 

Plasmid TOPOiGE comprises the human P-globin intron number 2 (BGI2) placed in the 
multiple cloning region of plasmid pCR (registered trademark) 2,1-TOPO. To produce this 
15 plasmid. Hie human p-globin intron number 2 was anq)lified from human genomic DNA 
using the ao^Mcation primers: 

GDI GAG CTC TTC AGG GTG AGT CTA TGG GAC CC [SEQ ID N0:1] 

and 

20 GAl CTGCAGGAGCTGTGGGAGGAAGATAAGAG[SEQIDN0:2] 

and cloned into plasmid pCR (registered tradonark) 2.1-TOPO to make plasmid 
TOPO£GI2. BGI2 is a functional intron sequence that is capMs of being post- 
transcriptionally cleaved from RNA transcripts containing it in mammalian cells. 



25 



Plasmid TOPn PTm 

Plasmid TOPO.PUR comprises the SV40 E promoter, the puromycin-N-acetyl-transferase 
gene, and the SV40 polyadenylalion signal sequence from the plasmid pPUR placed in the 
multq)le cloning region of plasmid pCR (registered tradmaik) 2.1-TOPO. To produce this 
30 plasmid, flie region of plasmid pPUR containing the S V40 E promoter, the puromydn-N- 
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acetjd-transferase gene, and the SV40 polyadenylalion signal sequence was amplified from 
plasmid pPUR (aontech) using the amplification primers: 

4/mi-pPUR.Fwd TCT CCT TAC GCG TCT GTG COG TAT [SEQ ID N0:3] 
5 and 

4/mi-pPUR-Rev ATG AGG ACA CGT AGG AGC TTC CTG [SEQ ID N0:4] 

and cloned into plasmid pCR (registered trademaric) 2.1-TOPO to make plasmid 
TOPOJ*UR. 



10 



(c) Plasmid cassettes 



Plasmid pCMVmfr 

Plasmid pCMV.cass (Figure 2) is an expression cassette for driving expression of a 
15 structural gene sequence under control of the CMV-IE promoter sequence. Plasmid 
pCMV.cass was derived &om pEGEP-Nl (Figure 1) by deletion of the EGFP open readmg 
frame as foUows: Plasmid pEGFP-Nl was digested with PinM and iVbfl, blunt-ended 
using Pfid DNA polymerase and then religated. Structural gene sequences are cloned into 
pCMV.cass using the multiple cloning site, which is identical to the multiple cloning site 
20 of pECTP-Nl, except it lacks the PinAl site. 

Plasmid pCMV.BGI2.ea.ix 

To create pCMV^GCcass (Figure 3), the human p-globin intion sequence was isolated 
as a SacUPsa fragment fiom T0P0£GI2 and cloned between flie Sad and PstI sites of 
25 pCMV.cass. In pCMVBGI2.cass, any RNAs tianscribed from the CMV promoter wiU 
mclude the human P-globin intron 2 sequences; these inlron sequences will presumably be 

excised from tianscrq)ts as part of the nomial intion processing machinery, smce the 
sequences inchide bofli the splice donor and splice acceptor sequences necessary fin- 
nonnal intron processing. 
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EXAMPLE 12 

Qhsuppression of Green Fluorescent Protein in Porcine ^dney Type 1 cells in vitro 
L Culturing of cell lines 

5 

PK-1 cells (derived &om porcine kidney q)ithelial cells) were grown as adherent 
monolayers using DMEM siq>plKnaited with 10% v/v EBS, as described in Example 10, 
above. 

10 Z Preparation of genetic constructs 

(a) Interim plasmids 

Plasmid pBlu^^rrjvtEGFP 
15 Plasmid pBluescrq)tEGFP conq)rises the EGFP open reading frame derived from plasmid 
pEGFP-Nl (Figure 1, refer to Exanq)Ie 1 1) placed in the multiple cloning region of plasmid 
pBluescript n SK^, To produce this plasmid, the EGFP open reading frame was excised 
from plasmid pEGFP-Nl by restriction endonuclease digestion using the enzymes Notl and 
Xhol and ligated into NotVXhol digested pBluescript II SK^. 

20 

Plasmid pCR,B<TUGPP^nnm 

Plasmid pCR^gl-GFP-Bam comprises an internal region of the EGFP open reading frame 
derived from plasmid pEGFP-Nl (Figure 1) placed in the multiple cloning region of 
plasmid pCR2.1 (Invitrogen, see Example 11). To produce this plasmid, a region of the 
25 EGFP open reading frame was an5)lified from pEGFP-Nl using the antplification primers: 

Bgl-<3FP: CCCGGGGCTTAGTGTAAAACAGGCTGAGAG [SEQIDNO:5] 
and 

CTP-Bam: CCCGGGCAAATCCCAGTCATTTCTTAGAAA[SEQIDNO:$] 

30 
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and cloned into plasmid pCR2.1, according to the manufecturer's directions (Ihvilrogen). 
The mtemal EGFP-encoding region in plasmid pCILBgl-GFP-Bam lacks functional 
translational start and stop codons. 

5 Plasmid vCMV.GFP.BGn PFd 

Plasmid pCMV.GFP^GI2.PFG (Figure 4) contains an inverted repeat or palindrome of an 
internal region of the EGEP open reading fiame that is interrupted by the insertion of the 
human P-globin intron 2 sequence (herein. Plasmid pCMV.GFP.BGI2J?FG was 
consliucted in successive steps: (i) flie GFP sequence fiom plasmid pCR.BgI-GFP-Bam 
10 was sub-cloned in the sense orientation as a Bgm-to-BamHI fiagment into ^g/ZT-digested 
pCMV3GI2.cass (Figure 3, refer to Example 1 1) to make plasmid pCMV.(3FP.BGI2, and 
(ii) Ibe car sequence fiom plasmid pCRBgl-GFP-Bam was sub-cloned in the antisense 
orientation as a Bgmrio-Bamm fiagment into i?«wHI-digested pCMV.GEP3GI2 to make 
Ae plasmid pCMV.CaFPiGE JPFG. 



15 



(b) Testplasndds 



Plasmid pCMV P.nPV 

Plasmid pCMViGFP (Figure 5) is cqjable of expressing the entire EGFP open reading 
20 fiame under the control of CMV-IE promoter sequence. To produce pCMV.EGFP, the 
EGFP sequence fiom pBIuescriptEGFP. above, was sub-cloned in the sense orientation as 
a BanimAo-Sacl fiagment into £gfll/&cl-digested pCMV.cass (Figure 2. refer to 
Example 1 1) to make plasmid pCMVJEGFP. 

25 Plasnud DCM f^.BanmMM 

Plasmid pCMV^JBGCcass (Figure 6) contains a puromycin resistance selectable maricer 
gene in pCMV.BGI2.cass (Figure 3) and is used as a control in these experiments. To 
create pCMV^iGCcass, the puromycin resistance gene fiom TOPOf UR (Exsaapls 10) 
was cloned as an 4^ fiagment into 4/ni-digested pCMV.BGI2.cass. 

30 
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Plasmid pCAff^.GFP.Ban PFG 

Plasmid pCMV^.GFP3GI2 J>FG (Figure 7) contains an inverted repeat or palindrome of 
an internal region of flie EGEP open reading fiame that is interrupted by the insertion of 
the human P-globin intron 2 sequence therein and a puromycin resistance selectable 
5 marker gene. Plasmid pCMV^.GFP JBGI2 JFG was constructed by cloning the puromycin 
resistance gene fiom TOPOJPUR (Exanq>le 10) as an AflO. fiagment mto ii/ZH-digested 
pCMV.GFP.BGI2 J»FG (Figure 4). 

3. Detection of co-suppression phenotype 

10 

(a) Insertion ofEOFP-expressingtransgene intoPK-1 cells 

Transfomiations were performed in 6 well tissue culture vessels. Individual wells were 
seeded with 4 x lO^PK-l cells in 2 ml of DMEM, 10% v/v FBS and incubated at 3TC, 5% 
15 v/v CO2 until the monolayer was 60-90% confluent, typically 16 to 24 hr. 

To tcansfonn a single plate (6 wells), 12 ^g of pCMV.EGFP (Figure 5) plasmid DNA and 
108 Ml of GeneP0RTER2 (trademark) (Gene Therqjy Systems) were diluted into Ora- 
MEM-I (registered trademark) to obtain a final volume of 6 ml and mcubated at room 
20 teaq)eratute for 45 

The tissue growth medium was removed fixim each well and the monolayers thwein 
washed wifli 1 ml of 1 x PBS. The monolayeas wae overlayed with 1 ml of the plasmid 
DNA/GeneP0RTER2 (trademark) conjugate for each well and incubated at ZT'C, 5% v/v 
25 CQ2for4.5hr. 

Oph-MEM-I (registered trademark) (1 ml) siqjplemented with 20% v/v FBS was added to 
each wdl and flie vessel incubated for a further 24 hr, at which time the monolayers were 
washed wifli 1 x PBS and medium was replaced with 2 ml of fresh DMEM mcluding 10% 
30 v/v EES. Ctellstransfemed wife pOklViCHT were examined after 24-48 hr for tra^ 
ECTP expression using floorescence microscopy at a wavelengb of 500-550 nnL 
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Forly-eight hr after transfection the medium was removed, the cell monolayer washed with 
1 X PBS and 4 ml of fiesh DMEM containing 10% v/v FBS, siq>plemented with 1.5 mg/ml 
genetecin (Life Technologies), was added to each well Genetecin was included in the 
5 medium to select for stably transfomied cell Imes. The DMOvl, 10% v/v FBS, L5 mg/ml 
geaetedn medium was changed every 48-72 hr. After 21 days of selection, stable, EGFP- 
cxptcs^Dg PK-1 colonies were apparent 

fiidividual colonies of stably transfected PK-1 cells were cloned, maintained and stored as 
10 described in Generic Techniques in E3canq)le 10, above. 

A numba: of parmtal cell lines were transformed with pCMV.EGFP. In many of these, 
GFP e3q)ression was eiflier extremely low or conxpletely undetectable as Hsted in Table 2 
and shown in Figures 9A, 9B, 9C and 9D. 

15 

TABLE2 



. P^^tal€ettli!nie ; . 


: Number Mdbned-=Iini6^ ' 


Naniber of cell UniBs with ; 
, 3 : ejrtreniely low or ' . ■; 
■ dndei^e(^fei6FP^^- • 


PK-l 


59 


2 


MM96L 


12 


4 


B16 


12 


10 


MDAMB468 


11 


1 



20 These data indicated fbat inactivation of GFP occurred frequently in different types of cell 
lines, established fiom three difTereut species. 
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(b) Post-transcriplioml silencing ofEGFP-aipressing transgene in PK-1 cells 

To study the onset of post-transcr^tional gene silencing (PTGS) of flie EGFP-expressing 
transgene, cells from 12 stable EGFP-expressing PK-1 lines (PK-l/EGFP) were transfected 
5 with the constract pCMV^.GFP.BGI2.PFG (Figure"?). Two controls were also included. 
The first control was a replicate of each stable line transformed with the plasmid 
pCMV^.BGI2.cass O'igure 6) Tbe second control was a replicate untransfected PK- 
1/EGEPline. 

10 The transformation of PK-1 cells with pCMVP".GFP.BGI2.PFG and pCMV^.BGI2.cass 
was performed in 6-weU tissue culture vessels, in triplicate, vising the same method as 
desaibed above in (a). 

Forty-eight hr after transfection the medium was removed, the cell monolayer washed with 
15 PBS (as above) and 4 ml of fiesh DMEM containing 10% v/v FBS and 1 mg/ml geneticm 
(GGM) were added to each well of cells, hi addition, where the cells were transfected with 
eithear pCMV^JBGCcass or pCMV^.GFP.BGI2.PFG, the GGM was fiirther 
sq)plemented wifli 1.0 ^g/ml puromycin; puromycin was included in flie medium to select 
for stably transfonned cell lines. After 21 days of selection, co-transformed silenced 
20 colonies were parent FoUowing transfection, all replicates were inspected 
microscopically for the presence of PTGS, as indicated by the absence of the EGFP- 
eaqnessing phenotype in cells transformed with pCMVP".GFP3GI2 J»FG but not in cells 
transformed with pCMV^3GI2.cass or ttansfected repUcate controls. 

25 3. Audfysis by nuclear transaiption run-on assays 

To detect t^anscr^)tion of the transgene KNA in the nucleus of PK-1 cells, nuclear 
ttansci^on lunron assays are poformed on ceU-free nuclei isolated from actively 
dividing cells. Hie nuclei are obtained according to the cell nuclei isolation protocol set 
30 forth in Ekanq>le 10, above. 
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10 



20 



25 



Analyses of nuclear RNA transcripts for the transgene EGFP fiom the transfected plasmid 
pCMVJEGFP and liie transgene GFPBGI2.PFG from the co-transfected plasmid 
pCMVP".GFP3GI2J>FG are perfomied according to the nuclear transcription run-on 
protocol set forth in Exanq)le 10, above. 

Rates of transcription in the nuclei of aD PK-1 cells analyzed - whether transfected with 
plasmid pCMVJEGFP or with the transgene GFPJ5GI2J'FG - are not substantially 
dififerent from rates found in nuclei of either the untransfected PK-l/EGFP control line or 
flie control line transfomied with the plasmid pCMV^£GI2.cass. 

5. f^fnparisonof mRNA in non-4ramf armed and co-st^pressed lines 



Messenger RNA for EGFP fiom the plasmid pCMV.EGFP and RNA transcribed from the 
tansgene GFPBGI2 JFG are analyzed according to the protocol set forth in Example 10. 
15 above. 

6. Sauthem anafysis 



30 



Individual transgenic PK-1 cell lines (transfected and co-transfected) are analyzed by 
Southern blot analysis to confirm integration and determine copy number of the 
transgenes. The procedure is carried out according to the protocol set forth in Example 10, 
above. An exan^le is iUustrated in Figure 8. 

EXAMPLE 13 

Cosappression of Bovine Enterovirus in Madin Darby Bovine Kidney 
Type CRIB-1 cells in vitro 

1. QUfyringofcdlsUnes 

CBSB-l cells (derived firan bovine kidney epitliehal cells) were grown as adherent 
monolayBrs using DMEM supplemented with 10% v/v Donor Calf Serum pCS; Life 
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Technologies), as described in Example 10, above. Cells were always grown in incubators 
at 37'C in an atmosphere containing 5% v/v CO2. 

Z Prqmratioa of genetic constructs 
(a) Interim plasmid 



Plasmid pCRTtRin 

The complete Bovine enterovirus (BEV) RNA polymerase coding region was anq)Med 
10 from a fiin-lengthcDNA clone encoding same, using primers: 

BEV-l CGG CAG ATC CTA ACA ATG GCA GGA CAA ATC GAG TAG ATC 
[SEQIDN0:71 

and 

15 BEV-3 GGGCGGATCCTTAGAAAGAATCGTACCAC[SEQIDNO:8]. 

Primer BEV-l comprises a BgUI restriction endonuclease site at positions 4 to 9 inclusive, 
and an ATG start site at positions 16-18 inclusive. Primer BEV-3 comprises a Bairim 
restriction enzyme site at positions 5 to 10 inclusive and the complement of a TAA 
20 translation stop signal at positions 1 1 to 13 inclusive. As a consequence, an open reading 
frame comprising a translation start signal and a translation stop signal is contained 
between the Bg^ and Bamm restriction sites. The amplified fiagment was cloned into 
pCR2.1 to prodnce plasmid pCRJBEV2. 

25 Plasmid pnRPFap. 

Plasmid pBS J»FGE contains the EGFP coding sequences from pEGFP-Nl cloned into the 
polyBnkBT of pBluesaqit n SK^. To generate this plasmid, flie EGFP coding sequences 
from pEGFP-Nl was cloned as a NoiL-toSad. fragment into JVbfl/&cI-digested 
pBhiesoqjtnSK^. 

30 
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(b) Testplasmids 



Plasmid pC.MVP.nm> 

Plasmid pCMVJBGFP (Figure 5) is cq,able of expressing the entire EGFP open reading 
fiame and is used in this and subsequent examples as a positive transfection control (refer 
to Example 12, 2(b)). 



. Plasmidpr.h/(y.BEV2.HGr> 7VTni 

Plasmid pCMV.BEV2BGI2.2VEB (Figure 10) contains an inverted repeat or palindrome 

10 of the BEV polymerase coding region that is interrupted by the insertion of the human p- 
globin intron 2 sequence therein. Plasmid pCMV.BEV2.BGI2.2VEB was constructed in 
successive stq)s: (i) the BEV2 sequence ftom plasmid pCR3EV2 was sub^loned in the 
sense orientation as a Bgm-Xo-Bamm fragment into 5^fll-digested pCMV£GI2.cass 
(Example 11) to make plasmid pCMV.BEV2.BGI2. and (ii) the BEV2 sequence ftom 

15 plasmid paLBEV2 was sub-cloned in flie antisense orientation as a BglBrta-Banim 
fragment into i?a«HI-digested pCMV.BEV2.BGI2 to make plasmid 
pCMV.BEV23GI2.2VEB. 



Plasmid nCMV KR VEGFP. VRR 

20 P"dpCMVBEV.EGFP.VEB(Figurell)containsaninvertedrepeatorpali^^ 
the BEV polymerase coding region that is interupted by EGFP coding sequences which act 
as a stuffer fragment To generate this plasmid, the EGFP coding sequence from 
PBS.PFGE was isolated as an.Ea,RI fragment and cloned into £coRI-digested pCMV.cass 
in flie sense orientation relative to the CMV promoter to generate pCMV.ECTP.cas8. 

25 Phumiid pCMV. BEV.EGFP.VEB was conshucted in successive steps: (i) the BEV 
polymerase sequence from plasmid pCR3EV2 was sub-cloned in the sense orientation as 
a Bgm-to-Bamm fragment into ^^/D-digested pCMV.EGFP.cass to make plasmid 
pCMV£EV.EGFP, and (u) the BEV polymerase sequence ftom plasmid pCItBEV2 was 
spb^loned m the antisense orientation as a Bgia-io-Bamm ftagmoit into 5flmHI-digested 
30 PCMVBEV.EGFP to make plasmid pCMV. BEViGFP.VEB. 
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3. Detection ofco-si^pressUm pkenotype 

(a) Insertion of Bovine enterovirus SNA pofymerase-expressing transgene into CRIB-1 
ceUs 

5 

Tiansformations were performed in 6-weU tissue culture vessels. Individual wells were 
seeded with 2 x 10^ CRIB-1 cells in 2 ml of DMEM. 10% v/v DCS and incubated at 37»C. 
5% v/v CO2 until the monolayer was 60-90% confluent, typically 16 to 24 hr. 

10 The following solutions were prepared in lb ml sterile tubes: 

Sohitioa^ : For each transfection, 1 fig of DNA (pCMV.BEV2.BGI2.2VEB or 
pCMV.EGFP - Transfection Control) was diluted into 100 \il of Opn- 
MEM-I (registered trademark) Reduced Serum Medium (serum-free 
medium) and; 

SoIutiffiB: For each transfection. 10 jil of LipofectAMINE (trademadc) Reagent was 
diluted into 100 jU Ora-MEM-I (registered trademark) Reduced Serum 
Medium. 



20 



25 



30 



The two solutions were combined and mixed gently, and incubated at room temperature 
for 45 min to allow DNA-Uposome complexes to form. WhUe complexes fonned, the 
CRlB-l cells were rinsed once wifli 2 ml of Ora-MEM I (registered tradmaik) Reduced 
Seram Medium. 

For each transfection, 0.8 ml of Opn-MEM I (registered trademark) Reduced Sermn 
Me(&um was added to the tube containing the complexes, ihe tube mixed gently, and the 
diliited complex sotation overlaid onto the rinsed CRIB-1 cells. Cells were then incubated 
with the complexes at 37°C and 5% vAr CO2 for 16 to 24 hr. 
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Transfection mixture was then removed and fhe CRIB-1 monolayers overlaid with 2 ml of 
DMEM, 10% vA^ DCS. Cells were incubated at ITC and 5% v/v CO2 for approximately 
48 hr. To select for stable transfonnants, the medium was rq)laced every 72 hr with 4 ml 
of DMEM, 10% vA^ DCS, 0.6 mg/ml geneticin. Cells transformed with the transfection 
5 control pCMV.EGFP were exandned after 24-48 hr for transient EGFP expression using 
fluorescence microscopy at a wavelength of 500-550 miL After 21 days of selection, stably 
transformed CRIB-1 colonies were apparent 

Individual colonies of stably transfected CRIB-1 cells were cloned, maintained and stored 
. 10 as described in Generic Techniques in Example 10, above. 

(b) Determination of Bovine Enterovirus titre 

The BEV isolate used in these experiments was a cloned isolate, K2577. The titre of this 
15 original viral stock was unknowiL To amplify BEV virus from this stock, cells were 
infected with 5 |il of viral stock per well and the virus allowed to replicate for 48 hr, as 
described below. Culture medium was harvested at this time and transferred to a screw 
capped tube. Dead cells and debris were then removed by centrifugation at 3,500 ipm for 
15 min at 4°C in a Sigma 3K18 centrifuge. The siqjematant was decanted into a fresh tube 
20 and centrifiiged at 20,000 rpm for 30 min at 4°C in a Beckman J2-M1 centrifuge to remove 
remaining debris. The supernatant was decanted and this new BEV stock titled as 
described below and stored at 4*'C. 

Absolute: 

25 In a 6-well tissue culture plate, seed 2.5 x 10^ CRIB-1 cells per well in 2 ml DMEM, 10% 
v/v DCS. Incubate the cells at 37''C in an atmosphere containing 5% v/v CO2 until fhe cells 
are 90-100% confluent 

Dilute BEV in serum-free medium DMEM at dilutions of 10'^ to 10"^. Aspirate the medium 
30 from tiie CRIB-1 monolayers. Overlay the monolayer with 2 ml of 1 x PBS and gently 
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rock the tissue culture vessel to wash the m<molayer. Aspirate the PBS i&om the monolayer 
and repeat the wash once more. 

Immediately add 1 ml of the diluted virus solutions (10"^ to 10"^ directly onto the rinsed 
5 CRIB-1 cells, usmg one dilution per well in duplicate. Incubate flie CRIB-1 cells with 
BEV for 1 hour at ST^'C and 5% v/v CO2 with gentle agitation. Aspirate the viral inoculum 
and overlay infected cells wifli 3 ml of nutrient agar (1% Noble Agar in DMEM). The 
Noble Agar is made up 2% wAr in sterile distilled water and tiie DMEM as 2 x DMEM. 
Melt the Noble Agar and equilibrate to 50**C in a water-bath for 1 hour. Equilibrate the 2 x 
10 DMEM to 37°C in a water-bath for 15 min prior to use. Mix the two solutions 1:1 and use 
to overlay infected cells. 

Allow the nutrient agar overlay to set and incubate inverted at ZTC and 5% v/v CO2 for 
18-24 hr. Following incubation, overlay each well with 3 ml of Neutral Red Agar (1.7 ml 
15 Neutral Red Solution (life Technologies)/100 ml Nutrient Agar). Allow the Neutral Red 
Agar overlay to set and incubate the 6 well plates in an inverted position in the daric at 
37*C and 5% v/v CO2 for 18-24 hr. Count the number of plaques 24 hr after addition of 
Neutral Red Agar to determine the titre of the BEV viral stock. 

20 Empirical: 

In a 24-well tissue culture plate, 4 x 10"^ CRIB-1 cells were seeded per well in 800 (U 
DMEM, 10% v/v DCS. The cells were incubated at 37**C in an atmosphere containing 5% 
vN CO2 until they were 90-100% confluent 

25 From concentrated BEV viral stock, BEV was diluted in serum-free DMEM at dilutions of 
10*^ to 10'^. The medium was aspirated from the CRIB-1 monolayers and the monolayer 
overlaid with 800 jil of 1 x PBS and washed by gently rocking the tissue culture vesseL 
PBS was aspirated from the monolayer and the wash repeated. 

30 200 of the diluted virus solutions (10*^ to 10"^ was added immediately directly onto the 
rinsed CRIB-1 cells using one dilution per well in di5)licate. The CRIB-1 cells were 
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incubated with BEV £9r 24 hr at 3TC and 5% v/v CO2 and each well inspected 
microscopically for cell lysis. A furfher 600 yl of senmi-fiee DMEM was then added to 
each well. After a fiirther 24 hr, each well was inspected microscopically for cell lysis. The 
correct dilution is the minimiim viral concentration that kills most of the CRIB-1 cells after 
5 24 br and all cells after 48 hr. 

(c) Bovine enterovirus challenge of CRIB-1 cdh transformed with 
pCMV.BEV23GD.2VEB 

10 In a 24-well tissue culture plate, 4 x 10"* CRIB-1 cells per well were seeded in tripUcate, in 
800 fil DMEM, 10% vAr DCS. The cells were incubated at 37°C in an atmosphere 
containing 5% v/v CO2 until they were 90-100% confluent. 

From concentrated BEV viral stock, BEV virus was diluted in serum-free DMEM at the 
15 correct dilution as determined by absolute or empirical measurement In addition, the BEV 
viral stock was diluted to one log above and below the correct dilution (typically 10"* to 
10"^- The medium was aspirated fiom the CRCB-l monolayers and the monolayers 
overlaid with 800 fil of 1 x PBS and washed gently by rocking the tissue culture vessel. 
PBS was aspirated fiom the monolayer and the wash rq^eated. 

20 

200 yX of the diluted virus solutions (one dilution per rq)hcate) was added immediately 
directly onto the rinsed C3UDB-1 cells. The cells were incubated with BEV for 24 hr at ZTC 
and 5% vN CO2, and each well inspected microscopically for cell lysis. A further 600 jil of 
serom-fiee DMEM was added to each well. After a fiulher 24 hr, each well was inspected 
25 microscopically for cell lysis. 

Transcription of flie transgme (BEV2.BGI2.2VEB) induces post-transcriptional gene 
silencing of the BEV RNA polymerase gene, necessary for viral rephcation. Silencing of 
the BEV RNA polymraase gene induces resistance to infection by the Bovine entaovirus. 
30 These cell lines will continue to divide and grow in the presence of the virus, while control 
cells die widiin 48 br. Viral-tolerant cells are used for further analysis. 
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(d) Generation of CRIB-1 viral tolerant cell lines 

To detearmine Aether cells transfonned with pCMVJSEV^GFP.VEB or 
5 pCMV.BEV23GI22VEB were tolerant to BEV infection, transfonned cell lines were 
challenged witii dilutions of BEV and monitored for survival To overcome inherent 
variation in these assays, multiple challenges were performed and lines consistently 
showing viral tolerance were isolated for furflier examination. Results of fliese e}cperimeDt5 
axe shown below in Tables 3 and 4. 
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TABLE 3 CRB-l cells tiansfected with pCMVBEViGFP.Vffi (CRIB-1 EGFP) 
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. lU. 


. lU 


10: ^ 


10 r 


. 10?; 


CRIB-1 


ua 


HQ 














CRIB-1 EGFP # 1 














+ 


— 


rRIB-1 EGFP U 3 






+ 


4+ 






nd 


nd 


TRTR-l PGFP ^ 4 














++ 


- 


PPTR-I PrrRP u ^ 
v/ivLD*'i CAjrr IT -? 


— 


— - — 


+ 


+++ 




— 


nd 


nd 




— 


+ 
















+ 


+ 




+ 


+ 


+ 


nd 


nd 






+++ 




+ 


+ 


+++ 


- 


++ 




** 


** 




+ 




+ 


nd 


nd 






+ 


— - — 


+ 




-H- 


nd 


nd 




4- 


•4-4- 






4. 


Ml 


Oa 


no 


CRIB-l EGFP # 12 




+ 


+ 


•H- 


+ 


+ 


nd 


nd 


CRIB-1 EGFP #13 








+ 






nd 


nd 


CaUB-lEGFP#14 


++ 


++ 


+ 


-H- 


++ 


+ 


+ 


+ 


CRIB-1 EGFP #15 




+ 


++ 


++ 


+ 


++ 


nd 


nd 


CRIB-1 EGFP #16 




+ 




■H- 


+ 


++ 


nd 


nd 


CRIB-1 EGFP #17 






+ 


+ 






nd 


nd 


CRIB-1 EGFP #18 


+ 


+ 




+ 


-H- 


++ 


nd 


nd 


aUB-1 EGFP # 20 










+ 


+++ 


nd 


nd 


CRIB-1 EGFP #21 




++ 


+ 


++ 


+ 


+ 


nd 


nd 


CRIB-1 EGFP #22 






+ 


+ 




+ 


nd 


nd 


CRIB-1 EGFP #23 








•H-h 




++ 






CRIB-1 EGFP #24 








++ 




+ 






CRIB-1 EGFP #25 








+-H- 






nd 


nd 


CRIB-1 EGFP #26 


+ 


•H- 


++ 


4-H" 


-H- 


+-H- 







-: no cells surviving 

5 +: 1-10% of cells surviving. 

++: 10-90% of cells surviving. 

•H+: 90%+ of cells surviving 

nd: not done. 
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TABLE 4 CRIB-1 cells tiansfected wifli pCMViEV2JBGI2.2VEB (CRB-l BGE) 



Cell line 


Challenge 1 


Challenge % 


Challenge 3 


Challenge 4 




iu 






iU 


lU 


10 


10 


10'* 


CRIB-1 


HQ 


na 






— : — 


— 


- 


- 


CRIB-1 BCD # 1 












- 


nd 


nd 


CRIB-1 BGI2# 2 




— - — 


— " — 




— 


- 


- 


- 


CRIB-1 BGI2 # 3 




— - — 


++ 


++ 


+ 




nd 


nd 


CRIB-1 BGI2 # 4 








+ 


— 


- 


nd 


nd 


CRIB-1 BGI2#5 








++ 


— 


- 


nd 


nd 


CRIB-1 BGI2 # 6 


+ 


+ 


1 1 1 


++ 




+ 


nd 


nd 


CRIB-1 BGI2 # 7 




+ 




+++ 


- 


- 


nd 


nd 


CRIB-1 BGI2 # 8 


— 


+ 


+++ 


-H- 


- 




nd 


nd 


CRIB-1 BGI2#9 








++ 


+ 


++ 


- 


++ 


CRIB-1 BGI2# 10 


++ 


++ 


++ 


1 1 1 

1 1 r 


4- 


1 






CRIB-1 BGI2#11 






4- 


+ 




+ 


nd 


nd 


CRIB-l BGI2#12 


+ 


+ 


+ 


+-H- 






nd 


nd 


CRIB-1 BGI2# 13 






H-H- 


■H-h 






nd 


nd 


CRIB-l BGI2#14 


+ 






++ 


+ 


+ 


nd 


nd 


CRIB-1 BGI2#15 


+ 




+ 


•H- 


+ 


++ 






CRlB-1 BGI2#16 














nd 


nd 


CRIB-1 BGI2#17 




+ 




++ 






nd 


nd 


CRIB-1 BGI2#18 








+++ 






nd 


nd 


CRIB-1 BGI2#19 








++ 


-1- 


+++ 


+ 


44+ 


CRIB-1 BG12#20 


+ 


+ 


+ 


+++ 




. + 


nd 


nd 


CRIB-1 BGI2#21 


















CRIB-1 BGI2#22 


















CRIB-1 BGI2#23 




+ 


+++ 


H-H- 


+ 




nd 


nd 


CRIB-1 BGI2#24 




++ 


4-H- 


+ 






nd 


nd 



-: no cdls surviving 

5 +: 1-10% of cells suzviving. 

++: 10-90% of cells surviving. 

-f-f+: 90%+ of cells surviving 

nd: not done. 



10 These data showed that viral-tolerant cell lines could be defined in this feshioa In 
addition, cells which survived this viral challenge could be grown up for fur&er analyses. 
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To further d^e the degree of viral tolerance in such cell lines, the cell line CRIB- 1 BGI2 
#19, and viral-tolerant cells grown fix>m cells fliat survived the initial chall^ge (line 
CRIB-1 BGI2 #19(tol)), fiufher analyzed using Saier scale serial dilutions of BEV. 
Three-fold serial dilutions of BEV wore used to infect cell lines in triplicate using the 
5 procedure outlined in Section 3 (c). The results of fliese experiments are shown in Table 5. 



TABLES 



Cell line v • 


; dilution of. viral stojbk : 












4.1x10^ 




CRIB-1 Replicate 1 












+-H- 


CRIB-1 Replicate 1 












+ 


CRIB-1 Replicate 1 












4++ 


CRffl-1 BGI2 #19 
Replicate 1 








+ 


+^ 


+++ 


CRIB-1 BGE #19 

Replicate 2 










++ 


+++ 


CRIB-1 BGI2 #19 
Replicate 3 








+ 


-hH- 


+++ 


CRlB-1 BGE #19(tol) 
Replicate 1 






+ 


+ 


•H-+ 


+++ 


CRIB-1 BGE #19(tol) 
Replicate 2 






+ 


+ 


++ 


+++ 


CRIB-1 BGE #19(tol) 
Replicate 3 








+ 


+++ 


■HH- 



10 -: no cells surviving 48 hr post-infection 

+: 1-10% of cells surviving 48 hr post-infection. 

++: 10-90% of cells surviving 48 hrpost-mfection. 

+++: 90%+ of cells surviving 48 hr post-infectioxL 

IS These data showed that the cell lines CRIB-1 BGE #19 and CRIB-1 BGE #19(tol) were 
tolerant to hi^er titres of BEV than flie parental CRIB-1 line. Figures 12A, 12B and 12C 
shows microgr^hs comparing CRIB-1 and CRIB-1 BGE #19(tol) cells before and 48 hr 
after BEV infectiorL 
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4* Analysis by nuclear transcription run-on assays 

To detect transcription of the transgene in the nucleus of CRIB-1 cells, nuclear 
transcription run-on assays are performed on cell-firee nuclei isolated ftom actively 
5 dividing cells. The nuclei are obtained according to the cell nuclei isolation protocol set 
forth in Example 10, above. 

Analysis of the nuclear RNA transcrq)t for the transgene BEV2,BGI2.2VEB &om the 
transfected plasmid pCMV.BEV2.BGI2J2VEB is peifonned according to the nuclear 
10 transcription run-on protocol set forth in Escample 10, above. 

5. Comparison ofmJRNA in non-transformed and co-suppressed lines 

Messenger RNA for BEV RNA polymerase and RNA transcribed from the transgene 
15 BEV2.BG12.2VEB are analyzed according to the protocol set forth in Example 10, above. 

& Southern analysis 

Individual transgenic CRIB-1 cell lines are analyzed by Soufliem blot analysis to confirm 
20 integration of the transgaie and determine copy number of the transgene. The procedure is 
carried out according to the protocol set forth in Example 10, above. 

EXAMPLE 14 

Co-suppression of Tyrosinase in Murine Type B16 cells in vitro 

25 

i. Culturing of cell lines 

B16 cells derived from murine melanoma (ATCC CRL-6322) were grown as adhere 
monolayers usmg RPMI 1640 si^plemented with 10% vA^ EES, as described in Example 
30 10, above. 
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2. Pr^aradon ofgenedc constmds 

(a) Interim plasndd 

5 PlasmidTOPO,TYR 

Total RNA was puzified from cultured murine B16 melanoma cells and cDNA prepared as 
described in Example 1 1 . 

To amplify a region of flie murine tyrosinase gene, 2 of this mixture was used as a 
10 substrate for PGR amplification using the piimets: 

TYR-F: GTT TCC AGA TCT CTG ATG GC [SEQ ID NO:9] 

and 

TYR-R: AGT CCA CTC TGG ATC CTA GG [SEQ ID NO:10]. 

15 

The PGR amplification was performed using HotStaiTaq DNA poljmerase according to 
the m an u facturer's protocol (Qiagen). PCR an:q)]ification conditions involved an initial 
activation step at 95°C for 15 mins, followed by 35 amplification cycles of 9A^C for 30 
sees, 55**C for 30 sees and IT'C for 60 sees, with a final elongation stq) at 72**C for 4 
20 mins. 

The PCR anq)lified region of tyrosinase was column purified (PGR purification column, 
Qiagen) and then cloned into pCR (registered trademark) 2,1-TOPO according to the 
manufacturer's instructions (Invitrogen) to make plasmid TOPO.TYR. 

25 

(b) Testplasmids 

Plasmid vCMV.EGFP 

Plasmid pCMV.EGFP (Figure 5) is capable of expressing the entire EGFP open reading 
30 frame and is used in this and subsequent examples as a positive transfection control (refer 
to]&canq)lel2,2(b)). 
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Plasmid DCAfV.TYllBGI2.RYT 

Plasmid pCMV.TYRiGI2JR.YT (Figure 13) contains an inverted rq)eat, or palindrome, of 
a region of the murine tyrosinase gene that is interrupted by the insertion of the human p- 
5 globin intron 2 sequence therein. Plasmid pCMV.TYR.BGI2.RYT was constructed in 
successive steps: (i) the TYR sequence from plasmid TOPO.TYR was sub-cloned in the 
sense orientation as a BglOrio-BamHl fragment into J'g/H-digested pCMVJ3GI2 to make 
plasmid pCMV.TYR.BGI2, and (ii) the TYR sequence from plasmid TOPO.TYR was sub- 
cloned in the antis^ise orientation as a BginAo-BairiED. fragment into ^omHI-digested 
10 pCMV.TYRJ5GI2 to make plasmid pCMV.TYR3GI2JRYT. 

Plasmid vCMV.TYR 

Plasmid pCMV.TYR (Figure 14) contains a single copy of mouse tyrosinase cDNA 
sequence, expression of which is driven by the CMV promoter. Plasmid pCMV.TYR was 
15 constructed by cloning the TYR sequence from plasmid TOPO.TYR as a 5amHI-to-5g/II 
fragment into j?amHI-digested pCMV.cass and selecting plasmids containing the TYR 
sequence in a sense orientation relative to the CMV promoter. 

Plasmid vCMV. TYR. TYR 
20 Plasmid pCMV.TYR.TYR (Figure 15) contains a direct repeat of the mouse tyrosinase 

cDNA sequence, expression of which is driven by the CMV promoter. Plasmid 
. pCMV,TYR.TYR was constructed by cloning the TYR sequence from plasmid 

TOPO.TYR as a BarnHL-Xxy-BgUl fragment into BamHI-digested pCMV.TYR and selecting 

plasnuds containing the second TYR sequence in a sense orientation relative to the CMV 
25 promoter. 
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3. Detection ofcthsuppression phenotype 

(a) Reduction of melanin pigmentation through PTGS of tyrosinase by insertion of a 
region of the tyrosinase gene into murine melanoma B16 cells 

5 

Tyrosiiiase is the major enzyme controUmg pigmentadon in mammals. If the gene is 
inactivated, melanin will no longer be produced by the pigmented B16 melanoma cells. 
This is essentially tiie same process that occurs in albino animals. 

10 Transformations were performed in 6 well tissue culture vessels. Individual wells weie 
seeded with 1 x 10^ cells in 2 ml of RPMI 1640, 10% v/v FBS and incubated at 37''C, 5% 
y/y CO2 until tiie monolayer was 60-90% confluent, typically 16 to 24 hr. 

Subsequent procedures were as described above in Example 13, 3(a), except that B16 cells 
15 wCTe incubated with the DNA liposome complexes at 37°C and 5% v/v CO2 for 3 to 4 hr 
only. 

Individual colonies of stably transfected B16 cells were cloned, maintained and stored as 
described in Example 10, above. 

20 

Thirty six clones stably transformed with pCMV.TYR.BGI2.RYT, 34 clones stably 
transformed with pCMV.TYR and 37 clones stably transfomied with pCMV.TYR.TYR 
were selected for subsequent analyses. 

25 When the endogenous tyrosmase gene is post-transcriptionally silenced, melanin 
production in the B16 cells is reduced. B16 cells that would normally appear to contain a 
dark brown pigment will now appear ligjitly pigmented or uipigmented. 
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(b) Visual monitoring of melanin production in transformed B16 cell lines 

To momtor melanin content of transformed cell lines, cells were trypsinized and 
transferred to media containing FBS to inhibit trypsin activity. Cells were then counted 
5 with a haemocytometer and 2 x 10^ cells transferred to a miciofuge tube. Cells were 
collected by centrifugation at 2,500 ipm for 3 min at room temperature and pellets 
examined visually. 

Five clones transformed with pCMV.TYILBGE JIYT, namely B16.2 1.11, B16 3.1,4, B16 
10 3,1.15, B16 4.12.2 and B16 4.12.3, were considerably paler than flie B16 controls (Figure 
16). Four clones transformed with pCMV.TYR (B16+Tyr 2.3, B16+Tyr 2.9, B16+Tyr 3.3, 
B16+Tyr 3.7 and B16+Tyr 4.10) and five clones transformed with pCMV.TYILTYR 
(B16+TyrTyr 1.1, B16+TyrTyr 2.9, B16+TyrTyr 3.7, Bl^fTyrTyr 3.13 and B16+TyrTyr 
4.4) were also aignificantly paler than the B16 controls. 

15 

(c) Id&itification of melanin by staining according to Schmorl 

Specific diagDOsis for the presence of cellular melanin can be achieved using a modified 
Schmorrs melanin staining method (Koss, L.G. (1979). Diagnostic Cytology. J3. 
20 Lippincott, Philadelphia). Usmg diis method, the presence of melanin in die cell is detected 
by a specific staining procedure that converts melanin to a greenish-black pigment 

Cell populations to be stained were resuspeuded at a concentration of 500,000 cells per ml 
ui SFMI 1640 medium. Volumes of 200 |il woe dropped onto sui&ce-sterilized 

25 microscope slides and slides were incubated at 37''C in a humidified atmosphere in 100 
mm TC dishes until cells had adhered firmly. The medium was removed and cells were 
fixed by air drying on a heating block at 37*^0 for 30 min then post-fixed with 4% w/v 
parafonnaldfihyde (Sigma) m PBS for 1 hr. Fixed cells were hydrated by dippmg m 96% 
v/v ettumol m distilled water, 70% v/v ethanol, 50% v/v ethanol flien distilled water. Slides 

30 with adhermt cells were left fijT 1 hr in a ferrous sulfite solution [2.5% wAr 

inwater] thm rirised in fi>urchatiges of distilled water, 1 mineadt Slides weie left fi>r 30 
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min in a solution of potassium fenicyanide [1% (w/v) potassium fecticyanide in 1 {(yh) 
acetic acid in distilled water]. Slides were dipped in 1% v/v acetic acid (15 dips) then 
dipped in distilled water (IS dips). 

5 Cells were stained for 1-2 min in a Nuclear Fast Red preparation [0.1% w/v Nuclear Fast 
Red (C.L 60760 Sigma N 8002) dissolved with heating in 5% w/v ammonium sulfate in 
water]. Fixed and stained cells on slides were washed by dipping in distilled water (15 
dips). Cover slips were mounted on slides in gJycerol/DABCO [25 mg/ml DABCO (1,4- 
diazabicyclo(2.2.2)octane (Sigma D 2522)) in 80 % v/v glycerol in PBS], Cells were 
10 examined by bright field microscopy using a lOOx oil imm^on objective. 

The results of staining with Schmori's stain correlated wifli the simple visual data 
illustrated in Figure 16 for all cell lines. When B16 cells were stained with the above 
procedure, melanin was obvious in most cells. In contrast, fewer cells stained for melanin 
15 in the transformed lines B16 2.1.11, B16 3.1.4, B16 3.1.15, B16 4.12.2, B16 4.12.3, B16 
Tyr 2.3, B16 Tyr 2.9, B16 Tyr 4.10, B16 TyrTyr 1.1, B16 TyrTyr 2.9 and B16 TyrTyr 3.7. 
consistent with the reduced total tyrosinase activity observed in these cell lines. 

(d) Assaying tyrosinase enzyme activity in transformed cell lines 

20 

Tyrosinase catalyzes the first two stq)s of melanin synthesis: the hydroxylation of tyrosine 
to dppa (dihydroxyphenylalanine) and the oxidation of dc^a to dopaquinone. Tyrosinase 
can be measured as its dopa oxidase activity. This assay uses Besthom's hydrazone (3- 
meth3d-2-b«izothiazolinondiydrazone hydrochloride, MBTIQ to tr^ dopaquinone formed 

25 by tiie oxidation of L-dopa. Presence of a low concentration of N,N'-dimethylformamide 
in the assay mixture raiders the MBTH soluble and the method can be used over a range of 
pH values. MBTH reacts wifli dopaquinone by a Michael addition reaction and forms a 
dark pink product whose presence is monitored using a spectrophotometer or plate reader. 
Bis assumed that the reaction of the MBTH with dopaquinone is very rapid relative to the 

30 enzyme-catalyzed oxidation of L-dopa. The rate of production of the pink pigment can be 
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used as a quantitative measure of enzyme activity (Winder and Harris, 1991; Dutkiewicz et 
a/., 2000). 

B16 cells and transformed B16 cell lines were plated into individual wells of a 96-well 
S plate in triplicate. Constant numbers of cells (25,000) were transferred into individual 
wells and cells were incubated ovCTiight Tyrosinase assays were performed as described 
below aft^ dtfa^ 24 or 48 hr incubation. 

^dividual weUs were washed with 200 yl PBS and 20 {il of 0.5% vAr Triton X-100 in 50 
10 mM sodium phosphate buffer 6.9) was added to each well Cell lysis and 
solubilisation was achieved by fieeze-thawing plates at -70^C for 30 miTi^ followed by 
mcubating at room tenq)erature for 25 min and 37^C for 5 Tnin, 

lyosinase activity was assayed by adding 190 (U freshly-prepared assay buffer (6.3 mM 
15 MBTH, 1.1 mM L-dopa, 4% v/v N^hT-dimeOiylformamide in 48 mM sodium phosphate 
buffer (pH 7.1)) to each well Colour formation was monitored at 505 nm in a Tecan plate 
reader and data collected using X/Scan Software. Readings were taken at constant time 
intervals and reactions monitored at room tenq}6rature» typically 22°C. Results were 
calculated as the average of enzyme activities as measured for the triplicate samples. Data 
20 were analyzed and tyrosinase activity estimated at early time-points when product 
formation was linear, typically between 2 and 12 min. Results from these e^qperiments are 
shown below in Tables 6 and 7. 
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TABLE6 



CenLihe . 


Tynsitase activity , 

Ofi'^n^ nm y min /' 

- 25,000 cells) 


Relative tyrosinase ; 
acuvny compHEed to 
;. Bl6cells:(%) 


B16 


0.0123 


100 


B16 2.1.6 


0.0108 


87.8 


B16 2.1.11 


0.0007 


5.7 


B16 3.1.4 


0.0033 


26.8 


B16 3.1.15 


0.0011 


8.9 


B16 4.12.2 


0.0013 


10.6 


B16 4.12.3 


0.0011 


8.9 


B16TyrTyrl.l 


0.0043 


34 


B16TyrTyr2.9 


0.0042 


34.1 


B16TyrTyr3.7 


0.0087 


70.7 


TABLE? 


'Cell Line 


. l^dsiuiaseactivi^^ 
(A Op 50^.ii£S/m£a/25i000' 

■"-cellsy • . "-..'v • 


. . .'Relative 'tyrbsiiiase 
activijfy'icompared to 
■ Bi6 ceils (%) ' : : ' 


B16 


0.0200 


100 


B16Tyr2.3 


0.0036 


18.2 


B16Tyr2.9 


0.0017 


8.7 


B16Tyr4.10 


0.0034 


17.2 



10 



These data showed fliat tyrosinase enzyme activity was inhibited in lines transfinmed wifli 
the constructs pCMV.TYR3GI2JR.YT, pCMV.TYR and pCMV.TYR.TYR 
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4. Anafysis by nuclear transcryftionrun'Onassi^ 

To detect transcription of the transgene RNAs in fhe nucleus of B16 cells, nuclear 
transduction run-on assays were peifbnned on nuclei isolated fix)m actively dividing cells. 
S The nuclei were obtained according to fhe cell nuclei isolations protocol set fordi in 
Example 10, above. 

Analysis of the nuclear KNA transcripts for the transgene TYILBGI2.RYT fiom die 
transfected plasmid pCMV.TYR.BGI2JlYT and die endogenous tyrosinase gene is 
10 performed according to the nuclear transcription run-on protocol set forth in Example 10, 
above. 

To estimate transcription rates of ttie endogenous tyrosinase gene in B16 cells and die 
transformed lines B16 3.1.4 and B16 Tyr Tyr 1.1, nuclear transcription run-on assays were 
IS performed on nuclei isolated fix>m actively dividing cells. The nuclei were obtained 
according to the cell nuclei isolation protocol set fordi in Example 10, above, and run-on 
transcripts w^ labelled with biotin and purified using strq)tavidin cs^ture as outlined in 
Example 10. ' 

20 To det^mine the transcription rate of the endogenous tyrosinase g^ie in die above cell ' 
lines, the amount of biotin-Iabelled tyrosinase transaripts isolated fiom luiclear run-on 
assays was quantified using real time PGR reactions. The relative transcription rates of the 
endogmous tyrosinase gene were estimated by conQ)aring the levels of biotin-labelled 
tyrosinase RNA to the levels of a ubiquitously-expressed emtogenous transcrqit, namely 

25 murine glyceraldehyde phosphate dehydrogenase (GAPDH). 

The levels of e3q)ression of botti ttie endogenous tyrosinase, and mouse GAPDH genes 
were detomined in daplex PGR reactions. To pmnit quantitative inteipretation of these 
data, a standard curve was generated using oligo dT-purified ENA isolated fiom B16 cells. 
30 Oligo dT-purification was achieved using Dynabeads mRNA DIRECT Micro Kit 
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according to fhe manufiicturer's instmctioxis (Dynal). Results fiom these analyses are 
sho'wn in Table 8. 



TABLES 

5 



Cell Line * 


. I^^f'osbaseindGAPD]B[SKA.Iev«^^^^^ 
;-: ■ ^ biotin<aptared nacleair. . > 
-tiifiiisc^ 


Rdatiye trahscriptibn 
; rate of Tyrosinase 

■ ^ ^ ' ,gene'-' ■ 




GiTYR" 








B16 


38.6 


27.2 


11.5 


1.00 


B16 3.1.4 


36.5 


24.4 


12.1 


0.65 


B16TyiTyrl.l 


38.5 


26.2 


12.4 


0.59 



These data show clearly Hvat rates of txanscrq>tion fiom the endo^nous tyrosinase gene in 
the nuclei of flie two silenced B16 cell lines B16 3.1.4 and B16 TyiTyr 1.1, transfoimed 
10 with pCMV.TYILBGEAYT and pCMV.TYR.TYR, respectively, are not significantly 
different fiom the rate of transcription fiom the tyrosinase gene in nuclei of non- 
tiansfonned B 16 cells. 

5. Comparison ofmRNA in non-^ransfonned and co-suppressed lines 

15 

Messenger RNA for endogenous tyrosinase and RNA transcribed fiom the transgene 
TYR.BGI2 JR.YT are analyzed according to the protocols set forth in Example 10, above. 

To obtain accurate estimates of tyrosinase mRNA levels in B 16 and transfomied lines, real 
20 time PGR reactions were enq)loyed. Results fiom these analyses are shown in Table 9. 
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TABLE9 



Cell Line 


Tyrosinase 19 
olieo-d 


md.GAPDHna 
T piirifiied total 


INAlevels iii 

IRlSFAs. 


Relatiye'levels of . 
tyrosinase mRNA ■ 




CtTYR 


CtGAPDH 


• AC 




B16 


33.5 


21.9 


11.7 


1.0 


B16 3.1.4 


33.8 


22.1 


11.7 


1.0 


B16TyrTyrl.l 


35.1 


23.0 


12.1 


0.7 



These data show clearly that the level of tjrosinase mRNA (as poly(A)KNA) in flie two 
5 silenced B16 cell lines B16 3.1.4 and B16 TyrTyr 1.1, transfonned with 
pCMV.TYILBGI2.RYT and pCMV.TYR.TYR, respectively, are not significantly dififoent 
fix>m the level of tyrosinase mRNA in non-transfonned B16 cells. 



6. Southern analysis 

10 

Individual transgenic B16 cell lines are analyzed by Southern blot analysis to confirm 
integration and determine copy number of the transgene. ITie procedure is canied out 
according to the protocol set forth in Example 10, above. 

15 EXAMPLE 15 

Co-suppression of tyrosinase in Mas musculus strains C57BL/6 and 
C57BU6xDBl hybrid in vivo 

L Preparation of constructs 

20 

The interim plasmid TOPO.TYR and test plasmid pCMV.TYR3GI2 JIYT were generated 
as described in Exan^le 14, above. 
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2. Generation of transgenic mice 

Transgenic mice were generated tbrou^ genetic modification of pronuclei of zygotes. 
After isolation fcom oviducts, zygotes were placed on an injection microscope and the 
5 transgene, in the form of a purified DNA solution, was injected into the most visible 
pronucleus (U.S. Patent No. 4,873,191). 

Pseudo-pregnant female mice were generated, to act as **recipiCTt mothers", by induction 
into a hormonal stage that mimics pregnancy. Injected zygotes were then either cultured 

10 overnight in order to assess their viability, or transferced immediately back into the 
oviducts of pseudo-pregnant recipients. Of 421 injected zygotes, 255 were transferred. 
Transgenic off-spring resulting fix)m fliese mjections are called 'founders". To determine 
that the transgene has integrated into the mouse genome, off-spiing are genotyped after 
weaning. Genotyping was carried out by PGR and/or by Southern blot analysis on genomic 

15 DNA purified from a tail biopsy. 

Founders are then mated to begin establishing transgenic lines. Founders and their 
ofi&pring are maintained as separate pedigrees, since each pedigree varies in transgene 
copy number and/or chromosomal location. Therefore, each transgenic mouse generated 
20 by pronuclear injection is the founder of a new strain. If the founder is female, some piQ>s 
fix)m the first letter are analyzed for transgene transmission. 

5. Detection of co-suppression phenotype 

25 Visual read-out of successful transgenic mice is an alteration to coat colour. Skin-cell 
biopsies are harvested fixnn transgenic mice and cultured as primary cultures of 
melanocytes by standard methods (Bennett et al., 1989; Spanalds et al„ 1992; Svidoskaya 
et cd., 1995). 

30 The biopsy area of adult mice is shaved and the sidn surface-sterilized witii 70% vAr 
ethanol then rinsed wifli PBS. The skin biopsy is removed undo- sterile conditions. 
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Saiiq)lmg of skin &om newborn mice isis done after sacrifice of fhe animal, which isis thai 
ished in 70% v/v ethanol and rinsed in PBS. Skin samples are dissected under sterile 
conditions. 

5 All biopsies are stored in PBS in 6-well plates. To obtain single cell suspensions, PBS is 
pipetted off and skin samples cut mto small pieces (2x5 mm) with two scalpels and 
incubated in 2x trypsin (5 mg/ml) in PBS at 3TC for about 1 hr for newborn samples and 
15> to 15 hr in Ix trypsin (2.5 mg/ml) at 4**C for san^>les of adult skin (0.5 g in 2.5 ml). 
This digestion separates epidermis fiom domis. Trypsin is replaced with RPMI 1640 

10 medium to stop enzyme activity. The q)ideniiis of each piece is separated with fine forceps 
(sterile) and isolated epidemial samples are collected and pooled in Ix trypsin in PBS. 
Single cell suspraisions are prepared by pipetting and separated cells are collected in RPMI 
1640 medium. Tiypsmization of qiidermal samples can be repeated. Pooled epidermal 
cells are concentrated by gentle centrifugation (1000 rpm for 3 min) and resuspended m 

15 growth medium [RPMI 1640 with 5% v/v FBS, 2 mM L-glutamine, 20 units/ml penicillin, 
20 |ig^ streptomycin plus phoibol 12-myristate 13-acetate (PMA) 10 ng/ml (16 iM) and 
cholera toxin (CTX) 20 ng/ml (1.8 nM)], Suspensions are transferred to T25 flasks and 
incubated without disturbance for 48 hr. Medium is changed and unattached cells r^oved 
at 48 hr. After a fiulfaer 48-72 far incubafion, the medium is discarded, fhe attached cells 

20 ished wifli PBS and treated with Ix trypsin m PBS. Melanocytes become preferentially 
detached after this treatment and the detached cells are transferred to fresh medium in new 
flasks. 

Melanocytes in tissue culture are easily distinguishable Scorn keradnocytes by then- 
25 morphology. Keratinocytes have a round or polygonal sh^e; melanocytes sppcsr bipolar 
or polydendritic. Melanocytes may be stained by Schmorl's method (see Exanq>le 14, 
above) to detect melanin granules. M addition, samples of cultures grown on cover slq>s 
are investigated by immunofluorescence labelling (see Example 10, above) wifli a primary 
murine monoclonal antibody against MART-1 (NeoMaikos MS-614) which is an antig^ 
30 found in melanosomes. This antibody does not cross-react witti cells of q)ithelial, 
lyn^hoid or mesenchymal origin. 
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4. Analysis by nuclear transcription run^n assays 

To detect transciiption of flie tjrosinase endogenous gene and fransgene RNAs in the 
5 nucleus of primary culture melanocytes, nuclear transcr^tion run-on assays are 
p^ormed on cell-fiee nuclei isolated fixnn actively dividing cells» according to the cell 
nuclei isolation protocol set forfh in Exan^le 10, above. 

Analysis of nuclear RNA transcripts for the tyrosinase endogenous gene and the transgene 
10 from the transfected plasmid pCMV.TYILBGEJtYT are performed acconling to the 
nuclear transcr^tion run-on protocol set forth in Example 10, above. 

5. Comparison of mSNA in non-transformed and co-suppressed lines 

15 Messenger RNA for mdogenous tyrosinase and RNA transcribed from the transgene 
TYR-BGI2^YT are analyzed according to the protocols set forth in Example 10, above. 

6. Southern analysis 

20 Primary culture melanocytes are analyzed by Southern blot analysis to confirm integration 
and detemoine copy number of the transgene. This is carried out according to the protocol 
set forth in Exaiiq>Ie 10, above. 
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EXAMPLE16 
Co-suppression of Cb-lyS^-galactosyl transferase (Gall) in 
Mus musadus strain C57BI/6 in vivo 

5 L Preparation of genetic constructs 

(a) PlasmidTOPO.GALT 

Total RNA was purified from cultured murine 2.3D17 neural cells and cDNA prq)ared as 
10 described in Example 1 1 . 

To amplify the 3'-UTR of the murine a-l,3,-galactosyl transferase (GalT) gene, 2 jil of 
this mixture was used as a substrate for PGR amplification using the primers: 

15 GALT-F2: CAC AGA GAG ATC TCT TCA GG [SEQ ID N0:1 1] 

and 

GALT-Rl: ACT TTA GAG GGA TGG AGG AG [SEQ ID N0:12]. 

The PGR amplification was performed using HotStarTaq DNA polymerase according to 
20 the manufecturer's protocol (Qiagen). PGR amplification conditions involved an initial 
activation step at 95°G for 15 mins, followed by 35 anq)lification cycles of 94**G for 30 
sees, 55^C for 30 sees and 72*'G for 60 sees, with a final elongation step at 72**G for 4 
mins. 

25 The PGR anqjlified region of GalT was column purified (PGR purification column, 
Qiagen) and then cloned into pGR2.1-TOPO according to the manufecturer's instructions 
(InvitiDgett), to make plasmid TOPO.GALT. 
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(b) Testplasmid 

Plasmid vCAfV.GALZBGI2.ILAG 

Plasmid pCMV.GALTJBGI2.TLAG (Figure 17) contaiiis an inverted repeal, or 
5 palindrome, of a region of die Murine 3'UTR GalT gene fliat is interrupted by the insation 
of the human p-globin intron 2 sequence tho-da Plasmid pCMV.GALT^GI2.TLAG was 
constructed in successive steps: (i) die GALT sequence from plasmid TOPO.GALT was 
sub-cloned in die sense orientation as a BgHl'to-BamHl fragment into Bgfll-digested 
pC!MV3GI2 to make plasmid pCMV.GALT3GI2, and (ii) the GALT sequmce from 
10 plasmid TOPO.GALT was sub-cloned in the antisense orientation as a BgnL-to-BaxhHI 
fragment into 5amHI-digested pCMV.GALT£GI2 to make plasmid 
pCMV.GALT3GI2.TLAG. 

2. Generation of transgenic mice 

15 

Transgenic mice were generated flnx)ugji genetic modification of pronuclei of zygotes. 
After isolation from oviducts, zygotes were placed on an injection microscope and the 
transgene, in the form of a purified DNA solution, was injected into the most visible 
pronucleus (US patent number 4,873,191). 

20 

Pseudo-pregnant fraxale mice were generated, to act as **recipient mothers", by induction 
into a hormonal stage tiiat mimics pregnancy. Injected zygotes were flien either cultured 
ovemi£^ m order to assess thefar viability, or transferred immediately back into the oviduct 
of pseudo-pregnant recipients. Of 99 injected zygotes, 25 were transferred. Transgenic oflF- 
25 spring resulting fsom fliese mjections are called •founders". To determine tiiat the 
transgene has integrated into the mouse genome, off-spring are genotyped after weaning. 
Geno^ing was earned out by PGR and/or by Southern blot analysis on genomic DNA 
purified fixim a tail biopsy. 

30 Foundos are thai mated to begm establishmg transgenic Imes. Founders and their 
of&pring are maintained as separate pedigrees, since each pedigree varies in transgene 
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copy nimiber and/or chromosomal location. Therefore^ each transgenic mouse generated 
by pronuclear injection is flie founder of anew strain. If tfie founder is female^ somepips 
fiom the first letter are analj/zed for transgene transmission. 

S 5. Detection of co^uppression phenotype 

The anyme a-l^rgalactosyl transferase (GalT) catalyzes the addition of galactosyl sugar 
residues to cell sur&ce proteins in cells of all mammals acq)t humans and other primates. 
The epitope enabled by the action of GalT is the predominant antigen responsible ftr the 
10 rejection of xenotransplants in humans. Cytological analyses of GalT expression levels in 
periphearal blood leukocytes (PBL) and splenocytes using FACS confirms the down 
regulation of the gene's activity. 

Analysis of Peri pheral Blood Leukocytes and Splenocvtes from transgenic mice hv FACS 
15 To analyze cells fix>m transgenic mice transformed witii the GalT construct, FACS assays 
on peripheral blood leukocytes (PBL) and splenocytes are undertaken. White blood cells 
are the most convenient source of tissue for analysis and these can be isolated fix>m either 
PBL or splenocytes. To isolate PBL, mice are bled fix>m an eye and SO to 100 ^l of blood 
collected into heparinized tubes. The red blood cells (ElBCs) are lysed by treatment with 
20 NIL^a bufiEer (0.168M) to recover tiie PBLs. 

To obtain splenocytes, animals are eutbanased, the spleens removed and macerated and 
RBCs lysed as above. The generated splenocytes are cultured in vitro in tiie presence of 
interl^ddn-2 QLr2\ Sigma) to goierate short term T cell cultures. The cells are then fixed 

25 in 4% w/v PFA in PBS. All steps are performed on ice. GalT activity can be most 
conveoienily assayed usmg a plant lectin (IB4; Sigma), which bmds specifically to 
galactosyl residues on cell surfece protems. GalT is detected on ttie cell surfece by binding 
IB4 conjugated to biotin. The leukocytes are then treated with sti:q>tavidin conjugated to 
Cy5 fhioropfaore. Another cell marker, the T cell specific glycoprotein Thy-1, is labelled 

30 with a fluorescein isofluocyanateKX>igugated antibody (FITC; Sigma). The leukocytes are 
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incobated in a mixtuie of the reagents for 30 min to label the cells. After washing, the cells 
axe analyzed on the FACScan. (Tearle, R.G. et al., 1996). 

4. Anafysis by nuclear transcr^don run-on assays 

5 

To detect transcription of transgene BNAs in the nucleus of splenocytes» nuclear 
transcription run-on assays are perfonned on cell-fi:ee nuclei isolated from actively 
dividing cells. In vitro colturing of splenocytes in the pres«ce of IL-2 generates short term 
T cell cultures. The nuclei are obtained according to the cell nucld isolation protocol for 
10 suspension cell cultures, set forth in Bxanqple 10 above. 

Analysis of nuclear RNA transcripts for the GalT oadogenous g^e and the transgene fiom 
tile transfected plasmid pCMV.GALTJ3GI2.TLAG is perfonned according to the nuclear 
transcription run-on protocol set forth m Example 10, above. 

15 

5. Comparison of mRNA in non-transformed and co-suppressed lines 

Messenger SNA for endogenous GalT and RNA transcribed fiom the transgene 
20 GALT.BGI2.TLAG are analyzed accordmg to the protocols set forth in Exanq>le 10, 
above. 

6. Southern anafysis 

25 Individual transgenic q)lenocyte cell lines axe analyzed by Southern blot analysis to 
confirm integration and deteimme copy number of the transgenes. This is carried out 
according to the protocol set forth in £xanq)le 10, above. 
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EXAMPLE17 

Co-suppression of mouse thymidine kinase in NIB/373 cells in vitro 

Cells pioduce ribonucleotides and deoxyribonucleotides via two pathways - de novo 
5 synthesis or salvage synthesis. De novo syndiesis is the assembly of nucleotides fiom 
sinq)le compounds such as amino adds, sugars, CQ2 and NH3. The piecursors of purine 
and pyrimidine nucleotides, inosine S'-monophosphate (IMP) and uridine 5'- 
monophosphate (UMP) respectively, are produced fiist by this pathway. De novo synthesis 
of IMP and thymidine 5'-monqpho^hate (TMP) requires tetrahydrofolate derivatives as 
10 co-&ctors and de novo synChesis of these nucleotides is blocked by the antifolate 
aminopterin which inhibits dihydrofolate reductase. Salvage synthesis refers to enzymatic 
reactions ibat convert fiee .pre&nned purine bases or thymidine to their conesponding 
nucleotide monophosphates (NMP). When de novo syn&esis is blocked, salvage enzymes 
enable the cell to survive while pre-fomied bases are present in the medium. 

15 

Ma mm a lian cells nomially express several salvage enzymes including thymidine kinase 
(TK) which converts thymidine to TMP. The drug 5-bromo-2*-deoxyuridine (BrdU; 
Sigma) selects cells that lack TK. In cells with functioning TK, the enzyme converts the 
drug analogue to its corresponding 5'-monophosphate which is lethal wbca incorporated 
20 mto DNA. Conversely, cells lacking TK expression are unable to grow in HAT medium 
(life Technologies) which contains both aminopterin and thymidine. The first fiictor in the 
supplement blocks de novo synthesis of NMPs and tiie second provides a substrate for the 
TK salvage pathway so that ceUs with that pathway intact are able to survive. 

25 L CuUuring ofNJH/3T3 cell lines 

Cells of the murine fibroblast-like line NIH/3T3 (ATCC CRH658) were grown as 
adherent monolayers m DMEM, supplemented with 10% v/v FBS and 2 mM L-glutamine 
as described m Example 10, above. Cells were routinely grown in incubators at 37**C m an 
30 atmospheiie containing 5% vAr C02* 
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2. Prqfaradon of genetic constructs 

(a) Interim Plasmid 

5 Plasmid TOPOMTK 

A region of the murine thymidine kinase gene was anqjKfied by PGR using murine cDNA 
as a template. The cDNA was prq)are<l fiom total RNA isolated from the murine 
mdanoma line, B16. Total RNA was purified as described in Exaniple 14, above. Murine 
thymidine kinase sequences were aiiq>lified using the primeis:- 

10 

MIKl : AGA TCT ATT TTT CCA CCC ACG GAC TCT CGG [SEQ ID N0:13] 
and 

MTK4: GGA TCC GCC ACG AAC AAG GAA GAA ACT AGC [SEQ ID N0;14]. 



15 The anqilification product was cloned into pCR (registered trademark) 2.1-TOPO to CTeate 
the intermediate clone TOPOJMTK. 
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(b) TestPlasmid 

Plasndd DCMVJmCBGI2.KIM 

Plasmid pCMVMIKBGI2£TM (Figiue 18) contains an inverted repeat or palindrome of 
S the murine thymidine kinase coding region that is interrupted by the insertion of the human 
P-globin intran 2 sequmce therein, Plasmid pCMVMULBGEXTM was constructed in 
successive steps: (i) the MTK sequence fiom plasmid TOPOMTK was sub-cloned in the 
sense orientation as a BglHrto-BamHl fiagment mto Sg/II-digested pCMVJ3GI2.cass 
(Example 11) to make plasmid pGMVMTILBGK, and (ii) the MIX sequence fiom 
10 plasmid TOPO.MTK was sub-cloned in the antisense orientation as a BglK-io-BamHl 
fiagment mto JJomHI-digested pCMVMrK.BGI2 to make plasmid 
pCMVMnLBGEJKTM. . 

5. Detection of ohsuppression phenotype 

15 

(a) Insertion ofTK-expressing transgene into NIH/3T3 cells 

Transformations were performed in 6-well tissue culture vessels. Individual wells were 
seeded with 1x10^ cells in 2 ml of DMEM, 10% v/v FBS and incubated at 37°C, 5% v/v 
20 CO2 until the monolayer was 60-90% confluent, typically 1 6 to 24 hr. 

Subsequent procedures were as described above in Example 13, 3(a), except that NIH/3T3 
cells were incubated with flie DNA liposome complexes at ST'C and 5% vAr CO2 for 3 to 4 
hronly. 

25 

(b) Post-transcriptional silencing of the mouse TKgene in NIH/3T3 cells 

NIH/3T3 cells with PTGS of TK are able to. tolerate addition of BrdU (NeoMarkers) to 
their normal growth medium at levels of 100 jig/ml and continue to rq)hcate under this 
30 regnne. Populations of sunilarly treated control lsfIH/3T3 cells cease to r^licate and cell 
numbers do not increase after culture for seven days in BrdU-containing medium. Control 
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NIH/3T3 cells are able to rq>licate in growth medium containing Ix HAT si^plement, 
while cells with PTGS of TK are unable to grow under Aese conditions. Further evidence 
of PTGS of TK is obtained by monitoring incoiporation of BrdU in tiiie nucleus via 
inuuunofluozescence staining (see Example 10, above) of the cell using a monoclonal 
5 antibody directed against BrdU. Clones that fiilfil all aitenia - (i) resistance to the lethal 
effects of BrdU; (ii) loss of the nucleotide salvage pathway, and (iii) lack of incoiporation 
of BrdU in &e nucleus - undergo direct testing of PTGS via nuclear transcription run-on 
assays. 

10 4. Analysis by nuclear transcription nat'On assies 

To detect transcription of the transgene BNA in the nucleus of NIH/3T3 cells, nuclear 
transcription run-on assays are performed on cell-free nuclei isolated fiom actively 
dividing cells. The nuclei are obtained according to the cell nuclei isolation protocol set 
IS forth in Example 10, above. 

Analysis of the nuclear RNA transcripts for the transgene MTILBGI2.KTM fiom the 
transfected plasmid pCMVMTKJBGIZ JCTM and the endogenous TK gene is performed 
according to the nuclear transaiption run-on protocol set forth in Example 10, above. 

20 

5. Comparison ofmBNA in non-transformed and co^vppressed lines 

Messenger SNA for endogenous TK and RNA transcribed fiom the transgene 
MTK£GI2 JCTM are analyzed according to flie protocols set fi3rth in Example 10, above. 

25 

6L Southern analysis 

Lidividual transgenic NIH/3T3 cell lines are analyzed by Southern blot analysis to confirm 
integration and determine copy number of the transgene. The procedure is carried out 
30 according to flie protocol set fisrth in Exanq>le 10, above. 
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EXAMPLE18 
Co-suppression ofHER'2 in MDA-MB^CS celts in vitro 

HER-2 (also designated neu and erbB-2) encodes a 185 kDa transmembrane receptor 
5 tyrosine kinase tbat is constitutively activated at low levels and displays potent oncogenic 
activity v/bssa over-expressed. HER-2 protein over-esqnression occurs in about 30% of 
invasive human breast cancers. The biological fimction of BER-2 is not well understood. It 
shares a common structural organisation with other members of the epidermal growth 
fector recq)tor &mily and may participate in similar signal transduction pathways leading 
10 to changes in cytoskeleton reorganisation, cell motility, protease ejqpression and cell 
adhesion. Over-expression of HER-2 in breast cancer cells leads to increased 
tumoiigenicity, invasiveness and metastatic potential (Slamon et al., 1987). 

1. Culturing of ceU lines 

15 

Human MDA-MB-468 cells were cultured in RPMI 1640 supplemented with 10% v/v 
EBS. Cells were passaged twice a week by treating with trypsin to release cells and 
transfCTing a proportion of the culture to j&esh medium, as desoibed in Example 10, 
above. 

20 

2. Preparation of genetic constructs 

(a) Interim Plasmid 

25 Plasmid TOPO.HER-2 

A region of the human HER-l gene was amplified by PCH using human cDNA as a 
temphie. The cDNA was prepared fi»m total RNA isolated firan a human breast tumour 
line, SK-BR-3. Total RNA was purified as described in Example 14, above. Human HER-l 
sequences were anq>lified using the piimers:- 



30 



wo 01/70949 



PCT/AUOl/00297 



-102- 

HI : CTC GAG AAG TGT GCA CCG GCA GAG ACA TG [SEQ ID NO:15] 

and 

H3: GTC GAC TGT GTT CCA TCC TCT GCT GTC AC [SEQ ID N0:16]. 

5 The ampMcation product was cloned into pCR (registered trade^^ 
the intennediate done TOPO.HER-2. 

fl)) TestPlasmid 

10 Plasmid dCMV.HER2.BGI2.2REH 

Plasmid pCMV.HER2JBGI2.2REH (Figure 19) contains an inverted repeat or palindrome 
of the HER-2 coding region that is intemq)ted by the insertion of the human P-globin 
intron 2 sequence tiiereni. Plasmid pCMVJiER2.BGI2.2REH was constructed m 
successive steps: (i) the HER-2 sequence fiom plasmid TOPO JIER2 was sub-cloned in the 

15 sense orientation as a SalUXhol fragment into Safl-digested pCMV.BGI2.cass OExample 
11) to make plasmid pCMVJIER2J3GI2, and (ii) the HER2 sequmce fiom plasmid 
TOPO JIER2 was sub-cloned in tiie antisense orientation as a SaWXhol fragment into 
^I-digested pCMV.HER2,BGI2 to make plasmid pCMVJIER2.BGI2.2REH 

20 5. Determination of on^^ of co^uppression 

(a) TransfecHon of HER-2 constructs 

TransformatLons were perfomed in 6-well tissue culture vessels. Individual wells were 
25 seeded wifli 4x10^ MDA-MB-468 cells in 2 ml of RPMI 1640 medium, 10% v/v FBS and 
incubated at 37*C, 5% v/v CO2 untfl the monolayer was 60-90% confluent, typically 16 to 
24 hr. 

Subsequent procedures were as described above in Exaii5>le 13, 3(a), except that MDA- 
30 MB-468 cells were incubated wifli the DNA Iqwsome complexes at 37X and 5% y/y CO2 
for 3 to 4 far only. Thirty-six transfiraied cell lines w^e isolated for subsequent analysis. 
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(b) Post'transcriptional silencing ofHERrl in MDA-MB-468 cells 

MDA-MB-468 cells over-ejqpress HER'2 and PTGS of the gene in geneticin-selected 
S clones derived fiom fhis cell line are tested initially by inmmnofluorescence labelling of 
clones (see Exanqile 10, above) with a priniaiy marine monoclonal antibody directed 
against the extiacelliilar domain of HER-2 protem (Transduction Laboratories and 
NeoMaikers). Compaiison of BpBR-2 protein levels among (i) MDA-MB-468 ceUs; (ii) 
clones exhibiting evidence of PTGS of die gene, and (iii) control human cell lines, are 
10 undertaken via western blot analysis (see below) with the anti-HER-2 antibody. Clones 
that fulfil the criterion of absence of expression of HER-2 protein undergo direct testing of 
PTGS via nuclear transcription run-on assays. 

To analy25e HHR-2 expression m MDA-MB-468 cells and transformed lines, cells were 
IS examined using immunofluorescent labelling as described in Example 10. The primary 
antibody was a mouse Anti-eibB2 monoclonal antibody (Transduction Laboratories, Cat 
No. E19420, an IgG2b isotype) used at 1/400 dilution; the secondary antibody was Alexa 
Fluor 488 goat anti-mouse IgG (H+L) conjugate (Molecular Probes, Cat No. A-llOOl) 
used at 1/100 dilution. As a negative control, MDA-MB-468 cells parental and 
20 transformed lines) were probed with Alraa Huor 488 goat anti-mouse IgG (H+L) 
conjugate only. 

Several MDA-MB-468 ceU lines transformed with pCMV.HER2£GI22REH were found 
to have reduced immunofluorescence, examples of which are illustrated in Figuies 20A, 
25 20B,20Cand20D. 

(c) FAG! analysis to define cell lines showing reduced expression ofHer-2 

To detennine flie level of ejq)ression of Hmi-2 in transformed cell lines, proximately 
30 500,000 cells grown m a 6-well plate were washed twice with 1 x PBS then dissociated 
with 500 id cell dissociation solution (Sigma C 5789) according to flie manufecturrfs 
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instructions (Sigma). Cells were transferred to medium in a miaxxentrifuge tube and 
collected by centifugation at 2^00 rpm for 3 min. The siq)eniataut was removed and cells 
resuspendedin 1 ml 1 xPBS, 

5 For fixation, cells were collected by ceatrifugation as above and suspraded in 50 p.1 PBA 
(1 X PBS, a 1 % w/v BSA fiaction V (Trace) and 0. 1 % wA^ sodium azide) followed by ttie 
addition of 250 jil of 4 % w/v paraformaldehyde in 1 x PBS. and incubated at 4*^0 for 10 
min. To penneabilize cells, cells were collected by centrifugation at 10,000 rpm for 30 sec, 
the sl^)eEaatant removed and cells suspended in 50 fil 025 % wA^ saponin (Sigma S 4521) 
10 in PBA and incubated at 4*^0 for 10 min- To block cells, cells were collected by 
centrifugation at 10,000 ipm for 30 sec, the supernatant removed and cells suspended in 50 
ill PBA, 1 % y/y FBS and incubated at 4°C for 10 min. 

To quantify HER-2 protein, fixed, permeabilized cells were probed wifli Anti-erbB2 
15 monoclonal antibody (Transduction Laboratories) at 1/100 dilution followed by Alexa 
Fluor 488 goat anti-mouse IgG conjugate (Molecular Probes) at 1/100 dilution- Cells were 
then analysed by FACS using a Becton Dickinson FACSCalibur and Cellquest software 
(Becton Dickinson). To estimate true background fluorescence values, unstained MDA- 
MB-468 cells were probed with an irrelevant primary antibody (MART-1, an IgG2b 
20 antibody (NeoMaikers)) and the Alexa Fluor 488 secondary antibody, both at 1/100 
dilutions. Examples of FACS data are shown in Figures 21A, 21B and 21C. Results of 
analyses of all cell lines are compiled in Table 10. 
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TABLEIO 
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MDA-MB-468 (control I) 


5,07 


4.72 


^ 78 


MDA-MB-468 (control.2) 


137.24 


- 121 68 


1 17 ^7 


MDA-MB-468 


1224.90 


1086 47 


1 175 74 


MDA-MB-468 1.1 


1167.94 


1056 17 
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MDA-MB-468 1.4 
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664.67 


673 17 


MDA-MB-468 1.5 


828.34 
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MDA-MB-468 1.6 
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MDA-MB-468 1 7 


870.81 


749 27 
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MDA-MB-468 1 8 


1173.92 
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MDA-MB-468 1 12 
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MDA-MB-468 2.5 
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MDA-MB-468 2.6 


752 70 


633 ilO 




MDA-MB-468 2.7 


842.00 


677 1^ 


71 09 


MDA-MB-468 2.8 


986.05 


707 13 


8fi1 ^9 


MDA-MB-468 2.9 


802 36 


686 06 


71 ^ 09 


MDA-MB-468 2.10 


1061.79 




IftftQ ftA 


MDA-MB-468 2.12 


931 63 


700 81 


R9ft AT 


MDA-MB-468 2.13 


894 47 


707 


529*7 fiQ 


MDA-MB-468 2.15 


1052.87 


QA^ 70 




MDA-MB-468 3.1 


1049.88 


031 06 


0Q1 ft5 


MDA-MB-468 3.2 


897.00 


80^ 4.3 


ilAO Q1 


MDA-MB-468 3.4 


981.63 


8^8 05 


07^ no 


MDA-MB-468 3.5 


1072 00 


030 17 




MDA-MB-468 3.7 


1098.95 


993.26 


1036.63 


MDA-MB-468 3.8 


1133.86 


1026.31 


1074.61 


MDA-MB-468 3.9 


831.73 


729.32 


763.51 


MDA-MB-468 3.12 


1120.82 


998.67 


1064.99 


MDA-MB-468 3.13 


1039.41 


963.71 


1036.63 


MDA-MB-468 4.5 


770.93 


681.01 


697.83 


MDA-MB-468 4.7 


838.16 


752.74 


784.39 


MDA-MB-468 4.8 


860.76 


769.51 


813.12 


MDA-MB-468 4.10 


1016.21 


904.69 


947.46 


MDA-MB-468 4.11 


870.10 


776.73 


813.12 


MDA-MB-468 4.12 


986.93 


85720 


913.98 


MDA-MB-46g4.13 


790,41 


712.25 


743.18 


MDA-MB-468 4.14 


942.36 


84234 


873.79 


MDA-M&4684.16 


771.81 


677.69 


697.83 
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••MDA-MB-468 contioLl" is MDA-MB-468 cells without staining - neiflier primary nor 
secondaiy antibody. •MDA-MB-468 amtroU" is MDA-MB-468 cells stained with 
inelevant primary antibody MART-1 and the Alexa Rnor 488 secondaiy antibody. All 
other cells, as desoibed, were stained with Anti-eri>B2 primaiy antibody and Alcxa Fluor 
5 488 secondary antibody. 

These data showed that MDA-MB-468 cells transfonned with pCMVJffiEl2.BGI2.2REH 
have significantly reduced e3q>iession of HER-2 protein. 

10 4. Anafysis by nuclear transcription runH»n asst^ 

To detect transcription of the transgeae RNA in the nucleus of MDA-MB-468 cells nuclear 
transa:qition run-on assays are performed on cell-fiee nuclei isolated firom actively 
dividing cells. The nuclei are obtamed according to flie cell nuclei isolation protocol set 
IS forth in Example 10» above. 

Analysis of nuclear RNA transcripts for the transgene HER2JBGI2.2REH and die 
CTdogenous HER'2 gme is perfoimed according to the nuclear transcription run-on 
protocol set fortti in E3caixq)le 10, above. 

20 

5. Comparison of mRNA in non-iransformed and co^suppressed lines 

Messenger RNA for die endogenous gaie and RNA transcribed fiom flie tiansgene 
HER23GI2.2REH are analyzed accordmg to the protocols set forth m Example 10, above. 

25 

du Southern anafysis 

dividual transgoiic NIH/3T3 cell Imes are analyzed by Southern blot analysis to confirm 
mlegration and deteimme copy number of the transgene. The procedure is carried out 
30 accordiug to the protocol set forth in Exaicple 10, above. 
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7. Western blot analysis 

Selected clones and control MDA-MB-468 ceUs are grown overnight to near-confluence 
on 100 mm TC plates (10^ cells). Cells in plates ate first washed with buffer containing 
5 phosphatase inhibitors (50 mM Tris-HQ pH 6.8, 1 mM Na4P207, 10 mM NaF, 20 nM 
Na2Mo04, 1 mM NaaVOA), and then sc^ed fix)m the plate in 600 of lysis buffer (50 
mM Tris-HQ pH 6.8, 1 mM Na4P207, 10 mM NaF, 20 fiM Na2Mo04, 1 mM NaaVOA, 2% 
wAr SDS) which has been heated to 100°C. Suspensions are incubated in screw-cq>ped 
tubes at 100°C for 15 min. Tubes with lysed cells are centrifuged at 13,000 rpm for 10 
10 mii^ supernatant extracts are removed and stored at -2(^0. 

SDS-PAGB 10% vA^ sqiarating and 5% vAr stacking gels (0.75 mm) are prepared in a 
Protean apparatus (BioRad) using 29:1 acrylamide:bisacEylamide ^io-Rad) and Tris-HCl 
buffers at pH 8.8 and 6.8, respectively. Volumes of 60 (d fix>m extracts are combined with 

15 20 nl of 4x loading buffw (50 mM Tcis-HCl pH 6.8, 2% wAr SDS, 40% v/v glycerol, 
bromophenol blue and 400 mM ditbiothreitol added before use), heated to lOO^C for 5 
min, cooled then loaded into wells before the gel is run in &e cold room at 120V until 
protein sanqiles enter the separating gel, then at 240V. Separated proteins are transferred to 
Hybond-ECL nitrocellulose membranes (Amersham) using an electroblotter 03io-Rad), 

20 according to manu&cturer's instructions. 

Membranes are rinsed in TBST buflfer (10 mM Tris-Ha pH 8.0, 150 mM NaCl, 0.05% vAr 
Tween 20) tiien blocked in a dish in TBST with 5% wAr skim milk powder plus 
phosphatase inhibitors (1 mM Na4P207, 10 mM NaF, 20 \M Na2Mo04, 1 mM NasVO^, 

25 Membranes are incubated in a small volume m TBST with 2.5% wAr skun milk powder 
plus phosphatase inhibitors containing a mouse monoclonal antibody against the ECX) of 
HER-2 (Transduction Laboratories, NeoMaikers) diluted 1:4000. Membranes are washed 
tinee times for 10 min in TBST with 2.5% wAr skim milk powder plus phosphatase 
inhibitors. Membranes are mcubated in a small volume in TEST with 2.5% wAr fiWm milk 

30 powder plus phosphatase inhibitors containing the horse radish pmxidase conjugated 
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secondary antibody diluted 1:1000. Membranes aie washed three times for 10 min in 
TBST with 2.5% w/v skim milk powder plus phosphatase inhibitors. 

The presence of HER-2 protein is d^ected using ttie ECL luminol-based system 
5 (Amersham), according to manufacturer's instructions. Stripping of membranes for 
detection of a second control protein is done by incubating membranes for 30 min at S5°C 
in 100 ml of strq)ping buffer (62 mM Tris-HCl pH 6.7, 2% w/v SDS, 100 mM freshly 
prepared 2-mercaptoethanol). 

10 EXAMPLE 19 

Co-suppression of Bm-l in MM96L melanoma cells in \itro 

The Bm-2 transoiption factor belongs to a class of DNA binding proteins, termed Oct- 
factors, which specifically interact with the octamer control sequence ATGCAAAT. All 

IS Oct-factors belong to a family of proteins that was origioally classified on Hie basis of a 
conserved region essential for sequence-specific, hig^ aiBBnity DNA binding termed the 
POU domain. The POU domain is present in three mammalian transcription factors, Pit-1, 
Oct-l and Oct-2 and in a developmantal control gene in C. elegans, unc-86. Additional 
POU proteins have been described in a number of species and these are expressed in a cell- 

20 lineage specific manner. The bm-2 gene appears to be involved in flie development of 
neuronal pathways in the embryo and the Bm-2 protem is pres^ in the adult bndn. 
Hectromobility shift assays (EMSAs) of nuclear retracts fimn cultured mouse neurons and 
fiom tumours of neural crest origin have detected a number of Oct-factor proteins. These 
include N-Oct-2, N-Oct-3, N-Oct-4 and N-Oct-5. K has been shown that N-Oct-2, N-Oct-3 

25 and N-Oct-S are also dififerratially escpressed in human melanocytes, melanoma tissue and 
melanoma cell lines, all derived fiom the neural crest lineage. Ihe bm-2 genomic locus is 
known to encode the N-Oct-3 and N-Oct-5 DNA binding activities. N-Oct-3 is present in 
all melanoma cells tested so fir including the MM96L line employed in &ese e3q>erimeQts. 
When e3q)ression of Bm-2 protem is blocked, N-Oct-3 DNA-binding activity is lost, and 

30 there are additional downstream effects including changes in cell morphology, a loss of 
expression of elements of die melanogenesis/pigmentation padiway and losses of neural 
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crest mariceis and oflier maikers of the melanocytic lineage. Melanoma cells without Bm-2 
are no longer tumorigenic in immunodeficient mice (Thomson et al.^ 199S). 

i. Culturing of cell lines 

5 

Cells of fhe MM96L line, derived from hmnan melanoma, were grown as adhermt 
monolayers in RPMI 1640 medimn si4)plemented wifli 10% v/v FBS and 2 mM L- 
glutamine, as described in Escample 10, above. 

10 2. Pr^aradon ofgenOie construds 

(a) Interim plasmid 
Plasmid TOPO,BRN^2 

15 A region of the human Bm-l gene was amplified by PGR, using a human Bm-2 genomic 
clone, using the primers:- 

bml: AGA TCT GAC AGA AAG AGO GAG CGA GGA GAG [SEQ ID NO:17] 

and 

20 bra4: GGA TTC AGT GCG GGT CGT GGT GCG CGC CTG [SEQ ID N0:18]. 

The amplification product was cloned into pCR (registered trademaric) 2.1-TOPO to create 
the intemiediate clone TOPO.BIlN-2. 

25 (b) Test plasmid 

Plasmid DCMV.BRN2.BGn.2NRB 

Plasmid pCMV3RN2£GI22NRB (Figure 22) contains an inverted repeat or paUndrome 
of the BRN-2 coding region fliat is intetnq)ted by the insotion of the human p-gjobiu 
30 intron 2 sequence thereiiL Plasmid pCMV3RN2BGI2.2NRB was constructed in 
successive steps: (i) the BRN2 sequence &om plasmid TOPO J3KN2 was sub-cloned in flie 
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sense oiioitatioii as a Bginrto-BaniHl fiagment into BglR-digested pCMV3GI2.cass 
(Example 11) to make plasmid pCMV.BKN23GI2), and (ii) the BRN2 sequence fiom 
plasmid TOPOJ3KM2 was sub-cloned in the antisense orimtation as a BgnL-to-BaniSl 
fi:agment into ^^imHI-digested pCMV3SN2JBGI2 to make plasmid 
5 pC3^3RN2,BGI2.2NRB. 

5. Detection ofco^uppression phenotype 

(a) Transfection of Bm-2 constructs: Insertion of Bm2'expressing transgene into 
10 MM96Lcells 

Transfonnadons were performed in 6-well tissue culture vessels. Individual wells were 
seeded with 1 x 10^ MM96L cells in 2 ml of RPMI 1640 medium, 10% v/v FES and 
incubated at 37**C, 5% v/v COi until the monolayer was 60-90% confluent, typically 16 to 
15 24 hr. 

Subsequent procedures were as described above in Bcample 13, 3(a), excq)t that MM96L 
cells were incubated with the DNA liposome complexes at 3TC and 5% v/v CO2 for 3 to 4 
hr, only, 

20 

A total of 36 lines transformed with the construct pCMV.BRN2iGI2.2NRB were chosen 
for subsequent analyses. 

(b) Post'transcriptional silencing of Bm-2'expressing transgene in MM96L cells 

25 

Clones with features of PTGS of Bm-2 derived &om MM96L cells stably transfected with 
the construct were selected on the basis of morphological changes from the phase bri^t, 
bipolar and mulddendiitic cell type common to melanocytes to a low contrast (LC), 
rounded shape ^diich is distinct and easily identified. Cells arising fiom such LC clones are 
30 subjected to analysis by electromobility shift assay (EMSA, see below) to identify 
presence or absence of N-Oct-3 activity. Additional testing is based on the loss of 
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pigmCTtatioa Cells of LC clones are stained for the presaice of melanin using the 
modified Schmorrs method for staining of the pigment biopolymer, as described in 
Bcample 14, above. Qones tiiat fUlfil all criteria - (i) LC morphology; (ii) absence of N- 
Oct-3 DNA binding activity, and (iii) loss of pigmentation - undergo direct testing of 
5 PTGS via nuclear transcription run-on assays. 

To isolate lines for furtha: analyses, lines showing altered morphology were selected and 
sub-clones of these liaes were obtained by plating the parental clones at low drasity and 
picking clones showing alt^ed morphology using techniques outlined above (see Exanq)le 
10 10), The sub-clones chosen for further analyses were MM96L 2.L1 and MM96L 3.19.1. 

4* Analysis by nuclear transcription run-on assays 

To estimate transcription rates of the endogenous BKN-2 gene in MM96L cells and the 
15 transformed lines MM96L 2.1,1 and MM96L 3.19.1, nuclear transcription run-on assays 
are performed on nuclei isolated fix)m actively dividing cells. The nuclei are obtained 
according to the cell nuclei isolation protocol set forth in Example 10, above, and 
transcription run-on transcripts are labelled with biotin and purified using streptavidin 
capture as outlined in Bxan^le 10. 

20 

To detemiine the transcription rate of the endogenous BRN-2 gene in the above cell lines, 
the amount of biotin-labelled BKN-2 transcript isolated from nuclear run-on assays is 
quantified using teal time PCR reactions. The relative transcription rates of the endogenous 
BRN-2 gene is estimated by conq)aring the level of biotin-labelled BKN-2 RNA to the 
25 level of a ubiquitously-expressed endogenous transcript, namely human glyceraldehyde 
phosphate dehydrogenase (GAPDH). 

The levels of oqtression of bofli the endogenous BKN-2 and human GAPDH genes are 
detennined in diqilex PCR reactions. 

30 
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5. Comparison of mKNA in non-transformed and co^suppressed lines 

MessengCT RNA for tiie endogenous Bm-2 gene and RNA transcribed from the transgene 
BRN2.BGI2.2NEUB are analyzed according to the protocols set forth in Example 10, above. 

5 

To obtain accurate estimates of BRN-2 mRNA levels in MM96L and tiansfoimed lines, 
real time PGR reactions were employed. Results &om these analyses are shown in Table 
11. 

10 TABLE 11 



CelI'Line - . 


and GAPI>H itiRN> 
V>ligOrdTvPiiiiiSed:toital.] 


Llevels in . ' 


Relative Jevels of 
BRN-imRNA 




QTYR 


CtGAPDH 


AC, 




MM96L 


33.1 


22.7 


10.4 


1.00 


MM96L 2.1.1 


33.2 


22.5 


10.7 


0.83 


MM96L 3.19.1 


32.1 


22.6 


9.5 


0.89 



These data show that the levels of BRN-2 mRNA fys poly(A)RNA) in two transfemied 
Imes with reversion ph^iotype, MM96L 2.1.1 and MM96L 3.19.1, are not significantly 
. 15 different fiom the level of BRN-2 mRNA in non-transfonned MM96L cells. 

& Southern anafysis 

Individual transgenic MM96L cell lines are analyzed by Soufliem blot analysis to confirm 
20 integration and determine copy number of the transgene. The pnxsedure is carried out 
accordmg to the protocol set forth in ^cample 10, above. 

7. EleetromobUity shift assay (EMS A) 

IS To prq>are nuclear and cytoplasmic extracts, 2 X 10^ cells are plated i^ 

and grown ovemigjil Before harvestmg cells, flie TC dish is put on ice, the medium 
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aspirated conq>letely and cells washed twice wifh ice cold PBS. A volume of 700 ]il PBS is 
added and cells scrqsed off the plate and the suspension transfeued to a 1.5 ml microfuge 
tube. The plate is rinsed with 400 pi ice cold PBS and this is added to the tube. All 
subsequent woik is done at 4°C. The cell suspension is centciiiiged at 2,500 ipm for 5 min 
5 and the supernatant removed. A volume of 150 jil HWB solution [10 mM HEPES pH 7.4, 
1.5 mM MgCli, 10 mM KCl, protease inhibitors (Roche), 1 mM sodium ortfaovanadate and 
phosphatase inhibitors comprising 10 mM NaF, 15 mM Na2Mo04 and 100 ^M Na3V04] is 
added to the pellet and cells resuspended wifh a pipette. Cell swelling is checked at tbds 
point A volume of 300 nl LB solution [10 mM HEPES pH 7.4, 1.5 mM MgCl2, 10 mM 
10 KCl, protease inhibitois (Roche), 1 mM sodium orthovanadate and phosphatase inhibitors 
and 0.1% NP-40] is added and cells left on ice for 5 min. Cell lysis is checked at this point 
The tube is spun at 2500 ipm for 5 min and flie supernatant transferred to a new tube. The 
pellet, M^ch comprises the cell nuclei, is retained. 

15 Nuclei are washed by resuspension in 800 )il of HWB solution, then the tube is spun at 
2,500 zpm for 5 min. The sapcmatant is temoved and the nuclei are resuspmded in 150 \j1 
NEB solution [20 mM HEPES pH 7.8, 0.42 M NaCl, 20% v/v glycerol, 0.2 mM EDTA, 
1.5 mM MgCl2» protease inhibitors, 1 mM sodium orthovanadate and phosphatase 
inhibitors] and left on ice for 10 min. The tube is spun at 13,000 ipm to pellet nuclear 

20 remnants, then the siq)ecnaiant, which is the nuclear extract, is removed. A small aliquot of 
each nuclear extract is retained for determination of protdn concmtratton by the 
colorimetric Bradford assay (Bio-Rad). The remainder is stored at -70°C. NEB solution is 
stored and used to dilute extracts for working concentrations. 

25 The double-stranded DNA probes used for EMSA of N-Oct-1 and N-Oct-3 were as 
follows:- 



clone 25 GCATAATTAATGAATTAGTG [SEQ ID N0:19] 
CGTATTAATTACTTAATCAC 

30 
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Oct-WT GAAGTATGCAAAGCATGCATCTC [SEQIDNO:20] 
CTTCATACGTTTCGTACGTAGAG 

Oct-<]^m8 GAAGTAAGGAAAGCATGCATCTC [SEQ ID N0:21] 
5 . GTrCATTCCTTTCGTACGTAGAG 

The clone 25 probe has a high afSnity for Oct-1 and N-Oct-3. The sequence was selected 
for these properties from a panel of randomly-gen^ated double stranded oligonucleotides 
(Bendall et aL, 1993). The probe Oct-WT was derived from the SV40 enhancer sequence 
10 and contains a consensus octamer binding site which has been mutated in the Oct-dpm8 
probe (Sturm et al, 1987; Thomson et al., 1995). 

.Probes are labelled with [y-^^P]-ATP. The probes are diluted to 1 and 5 (il is incubated 
at 37^C for 1 hr in 1 X polynucleotide kinase (PNK) buffer ^loche), 2 ^l [y-^^P]-ATP (10 
15 mCi/ml, 3000 Ci/mmol, Amersham) with 1 ^1 T4 PNK (10 VI\l\ (Roche)) brou^t to a 
volume of 20 \i\ with MilliQ water. The reaction is diluted to 100 ^1 with TE buffer (see 
Example 10) and run througji a Sephadex G25 column (Nj^) column (Roche)) with TE. 
Approximately 4.5 pmol of labelled probe is recovered at a concentration of 0.15 pmol/)il. 
Labelled probes are stored at -20°C. 

20 

Binding reactions of probe and extracts are done in 10 id volumes comprising 12% v/v 
j^ycerol, 1 x binding buffer (20 mM HEPES pH 7.0, 140 mM KCl), 13 mM NaCl, 5 mM 
MgCh, 2 fU labelled probe (0.04 pmol), 1 jig protein extract, MilliQ water and, v^ere 
i n d i c ated , unlabelled probe conq)etitor. The order of addition is usually competitor or 
25 water, labelled probe, protein extract One tube is prepared without a protein sample but 
with 2 ^l PAGE loading dye (see ExaQ^>le 10). 

Binding reactions are incubated for 30 min at room tenq)erature before 9 (il is loaded into 
the wells of a Mini-Protean ^io-Rad) apparatus prepared with a 7% acr^amide: 
30 bisaoylamide 29:1 Tris-glydne geL The 1 x gel and 1 x gel rmmmg buffer are dibted 
from 5 X stocks, respectively, 0.75 M Tris-HQ pH 8.8 and 125 mM Tris-HQ pH 8.3, 056 
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M glycine 1 mM EDTA pH 8. Gels are run at 10 V/cm, fibced in 10% v/v acetic acid for IS 
min» transferred to Whatman 3MM p^er and dried before exposure of X-ray film for 16- 
48 hr. 

S EXAMPLE 20 

Cfh-suppression of YB-l and p53 in Murine Type BIO^ and Pom 212 ceOs in vitro 

L CuUuringofceU lines 

10 B10.2 cells derived fiom murine fibrosarcoma and Pam 212 cells derived fiom murine 
epidermal keradnocytes were grown as adherent monolayers using either SPMI 1640 or 
DMEM si^lemented with 5% v/v FBS, as described in Example 1 0, above. 

2. Preparation of genetic constructs 

15 

(a) Interim plasmids 
PlasmidTOPQ.YB-1 

To amplify a region of the mouse YB-1 gene, 25 ng of a plasmid clone containing a mouse 
20 YB-1 cDNA (obtained fiom Genesis Research & Development Coiporation, Auckland 
NZ) was used as a substrate for PGR amplification using the primers:- 

Yl : AGA TCT GCA GCA GAC CGT AAC CAT TAT AGG [SEQ ID NO:22] 

and 

25 Y4: GGA TCC ACC TTT ATT AAC AGG TGC TTG CAG [SEQ ID N023]. 

The PGR amplification was performed using HotStaiTaq DNA polymerase according to 
flie manu&cturer's protocol (Qiagen). PGR amplification conditions involved an initial 
activation step at 95^0 for 15 mins, followed by 35 amplification cycles of 94''C for 30 
30 sees, 55®C for 30 sees and IT'C for 60 sees, with a final elongation step at 72**C for 4 
mins. 
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The VCR amplified region of YB-1 was column purified (PGR purification column, 
Qiagen) and then cloned into pCR (registered trademark) 2.1-TOPO according to the 
manufacturer's instructions (Invitrogen), to make plasmid TOPO.YB-1. 

5 

Plasmid TOPO.D53 

To amplify a region of the mouse p53 g^e, 25 ng of a plasmid clone containing a mouse 
p53 cDNA (obtained fix>m Genesis Research & Development Corporation, Auckland NZ) 
was used as a substrate for PCR amplification using tbe primersi- 

10 

P2: AGA TCT AGA TAT CCT GCC ATC ACC TCA CTG [SEQ ID NO:24] 

and 

P4: GGA TCC CAG GCC CCA CTT TCT TGA CCA TTG [SEQ ID NO:25]. 

15 The PCR anoplification was performed using HotStarTaq DNA polymerase according to 
the ma nu facturer's protocol (Qiagen). PCR an:q)Iification conditions involved an initial 
activation stq) at SS^'C for 15 mins, followed by 35 amplification cycles of 94**C for 30 
sees, 55*'C for 30 sees and 72**C for 60 sees, witii a final elongation step at 72°C for 4 
mins. 

20 

The PGR amplified region of p53 was column purified (PCR purification column, Qiagen) 
and then cloned into pCR (registered trademark) 2.1-TOPO according to flie 
manu&cturer's instructions (Bivitiogen), to make plasmid TOPO.p53. 

25 Plasmid TOPO.YBJ.p53 

To create a construct fiising YB-1 and p53 cDNA sequences, tiie murine YB-l sequence 
firom T0P0,YB-1 was isolated as a Bgin.-tchBaniHl fiagment and cloned into the BaniSIL 
site of TOPO.p53. A clone in which flie YB-1 insert was oriented in the same sense as the 
p53 sequence was selected and designated TOPO.YBl.p53. 
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0^) Testplasmids 
Plasmid pCMV, YB1JGI2JBY 

Plasmid pCMV.YBl,BG[2.1BY (Figure 23) is enable of transcribing a region of the 
5 murine YB-1 gene as an inverted rqieat or palindrome that is internipted by 

globin inlion 2 sequence therein. Plasmid pCMV.YB13GI2.lBY was constructed in 
successive steps: (i) the YB-1 sequence from plasmid TOPO.YB-1 was sub-cloned in the 
sense orientation as a Bgni-UhBamHl fragment into Bg/H-digested pCMV3GI2 to make 
plasmid pCMV.YB13GI2, and (ii) the YB-1 sequence fiom plasmid TOPO.YB-1 was 
10 sub-cloned in the antisense orientation as a BglE-Uy-BamHl fragment into BoiTzHI-digested 
pCMV.YBLBGE to make plasmid pCMV.YBl£GI2.1BY. 

Plasmid dCMV.YBLp53.BGI135d.1BY 

Plasmid pCMV.YBl.p533GI2.35p.lBY (Figure 24) is capable of expressmg fused 
15 regions of flie murine YB-1 and p53 genes as an inverted repeat or palindrome that is 
intennqrted by the human P-gJobin intron 2 sequence therein. Plasmid 
pCMV.YBl.p533GI2,35p,lBY was constructed in successive steps: (i) the YB-l.p53 
fusion sequence feom plasmid TOPO.YBl.p53 was sub-cloned in flie sense orientation as a 
Bgia-to-BamSn fragment into 5g/II-digested pCMV.BGI2 to make plasmid 
20 pCMV.YBl.p53.BGI2, and (ii) the YB-l.p53 fusion sequence from plasmid 
TOPO.YBl-p53 was sub-cloned in the antisense orientation as a BglR-to-BamHI fragment 
into fiamHI-digested pCMV.YBl,p533GI2 to make plasmid 
pCMV.YBl.p533GI2.35p.lBY. 
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Delecdon of ohsuppression phenolypes 

(a) Post-transcriptional gene silencing of YB-1 by insertion of a region of the YB-1 
gene into murine fibrosarcoma B10.2 cells and mtaine epidermal keratinocyte 
5 Pam 212 cells 

YB-1 (Y-box DNA/RNA-binding &ctor 1) is a traQScrq>tion factor that binds, inter alia, to 
the pEomoter region of the p53 gene and in so doing rq>resses its expression. In cancer 
cells that express normal pS3 protein at nonnal levels (some 50% of all human cancels), 
10 the expression of p53 is under the control of YB-1, such that diminution of YB-1 
^ression results in increased levels of p53 protein and consequent ^optosis. The murine 
cell lines BIO^ and Pam. 212 are two such tumorigenic cell lines with^ noxmal p53 
expressioa The expected phenotype for co-siqipression of YB-1 in these two cell lines is 
apoptosis. 

15 

Transfomiations with pCMV.YBlJBGI2.lBY were performed in 6 well tissue culture 
vessels. Individual wells were seeded with 3.5 x 10^ cells (B10.2 or Pam 212) in 2 ml of 
RPMI 1640 or DMEM, 5% v/v FBS and incubated at 37°C, 5% v/v CQ2 for 24 hr prior to 
transfection. 

20 

The two mixes used to prepare transfection medium were: 

Mix A: 1.5 fd of LipofectAMINE 2000 (trademaik) Reagent (life Technologies) 
in 100 jil of Opti-MEM I (registered trademark) medium (Life 
25 Technologies), incubated at room temperature for 5 min; 

MixB: 1 nl (400 ng) of pCMV.YBl.BGI2.lBY DNA in 100 jtl of Opxi-MEM I 
(registered tradmiaik) medium. 



30 After preliminary incubation. Mix A was added to Mix B and the mixture incubated at 
room tenq)eratare for a further 20 min. 
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Medium overlaying each cell culture was replaced with 800 ^1 of fi:esh medium and 200 fil 
of transfection mix added Cells were incubated at 37®C, 5% v/v CO2 for 72 hr. 

5 Duplicate cultures of bodi cell types (Bl 0.2 and Pam 212) woe transfected 

CeUs were suspended with trypsin, centrifiiged and resuspended in PBS according to the 
protocol described in £xanq)le 10. 

10 Live and dead cell numbers were detennined by tiypan blue staining (0.2%) and counting 
in quadnq>Ucate on a haemocytometer slide. Results are presented in Figures 25 A, 252B, 
2SC and 2SD (refer to the Figure Legends for details). 

(b) Post'transcriptional gene silencing of YB-1 and p53 by co-insertion of regions of 
IS the YB-l and p53 genes into murine fibrosarcoma B10.2 cells and murine 

epidermal kseratinocyte Pam 212 cells 

The data presented in Figures-25A, 2SB, 25C and 2SD show that cell death is increased in 
B10.2 and Pam 212 cells following insertion of a YB-1 construct designed to induce co- 
20 scqypression of YB-1, consistent with induction of co-suppression. Simultaneous co- 
siq)pression of p53, \^ch is responsible for initiating the s^ptotic response in fliese cells, 
would be expected to eliminate excess cell death by q)optosis. 

Transformations with pCMV.YBl.p533GI2.35p.lBY were performed in 6 well tissue 
25 culture vessels. Individual wells were seeded with 3.5 x 10^ cells 0310.2 or Pam 212) in 2 
ml of RPMI 1640 or DMEM, 5% v/v EBS and incubated at 37«C, 5% v/v CQ2 for 24 hr 
prior to transfection. 

The two mixes used to prepare transfection mediinn were:- 
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MixA : 1.5 (il of LipofectAMINE 2000 (tiademaik) Reagent in 100 (il of Ofh- 
1 MEM I (registered trademark) medium, incubated at room temperatmre for S 

mm; 

5 MixB : 1 yl (400 ng) of pCMV.YBLp53iGI2.35p.lBY DNA in 100 |il of QPTT- 

MEM I (registered tcadema±) medium. 

After preliminary incubation, ISx A was added to KGx B and tbe mixture incubated at 
room temperature for a furflier 20 nun. 

10 

Medium overlaying each cell culture was replaced wifli 800 ^1 of fiesh medium and 200 (il 
of transfection mix added. Cells were incubated at 37°C» 5% \fv CO2 for 72 hr. 

Cells were suspended with trypsin, centrifiiged and resuspended in PBS according to the 
15 protocol desoibed in Example 10. 

live and dead cell numbers were detcnnined by trypan blue staining (0.2%) and counting 
in quadruplicate on a haemocytometer slide. Results are presented in Figures 25A, 252B, 
25C and 25D (refer to the Figure Legends for details). 

20 

(c) Control: Insertion of GFP into murine fibrosarcoma B10.2 cells and murine 
q)idemud heratinocyte Pom 212 cells 

Transformations with pCMVJBGFP were performed in 6 well tissue culture vessels. 
25 Individual wells were seeded with 3.5 x 10^ cells (fi\Q2 or Pam 212) in 2 ml of RPMI 
1640 or DMEM, 5% v/v FBS and incubated at 37**C, 5% v/v CQ2 for 24 hr prior to 
transfection. 

The two mixes used to prepare transfection medium were:- 



30 
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MixA : 1.5 fil of LipofectAMINE 2000 (trademaik) Reagent in 100 of Ovn- 
MEM I (registered trademark) medium, incubated at room temperature for 5 
min; 



5 MixB : 1 jil (400 ng) of pCMV.EGFP DNA in 100 fil of Opn-MEM I (registered 

trademark) medium. 

After preliminary incubation, Mix, A was added to Mix B and the mixture incubated at 
room temperature for a further 20 min. 

10 

Medium ovCTlaying each cell culture was replaced with 800 jil of fresh medium and 200 nl 
of transfection mix added. Cells were incubated at 37^C, 5% v/v CO2 for 72 hr. 

Cells were suspended with trypsin, centrifuged and resuq)ended in PBS according to the 
1 S protocol described in Bxsaxsple 10. 

live and dead cell numbers were detennined by trypan blue staining (0^%) and counting 
in quadn?)licate on a haemocytometa: slide. Results are presented in Figures 25 A, 252B, 
25C and 25D (refer to flie Figure Legends for details). 

20 

(d) Control: Attenuation of YB-1 phenotype by insertion of a decoy Y-hox 
oligonudeoUde into murine fibrosarcoma B10.2 cells and murine epidermal 
keratinocyte Pom 212 cells 

25 The role of YB-lin repressing p53-initialed apoptosis in B10.2 and Pam 212 cells has been 
demonstrated by relieving the rqnression in two ways: (i) transfection with YB-1 antisense 
oligonucleotides; (ii) transfection with a decoy oUgonucleotide tiiat corresponds to the Y- 
box sequence of the p53 promoter. The latter was used as a positive control in the present 
example. 

30 
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Transfoimations with YBl decoy and a contiol (non-specific) oligonucleotide were 
perfoimed in 24 well tissue culture vessels. Individual wells were seeded with 3.5 x 10"* 
cells (B10.2 or Pam 212) in 2 ml of RPMI 1640 or DMEM, 5% v/v FBS and incubated at 
37*^0, 5% v/v CO2 for 24 hr prior to transfection. 

5 

The two mixes used to prepare transfection medium were:- 

Mix A : 1.5 fil of lipo&ctin (trademark) Reagent (Life Technologies) in 100 (il of 
Ofte-MEM I (registered trademaik) medium, incubated at room 
10 temperature for 30 miI^ 

MixB : 0.4 jil (40 pmol) of oligonucleotide (YBl decoy or control) in 100 jil of 

Ofit-MEM I (registered trademaik)medium. 

15 After preliminary incubation. Mix A was added to NGx B and fb& mixtuie incubated at 
room tenq)erature for a further 1 5 min. 

A no-oligonucleotide (lipofectin (trademark) only) control was also prepared. 

20 Cells were washed in serum-firee medium (Optimem) and transfection mix added Cells 
were incubated at 37°C, 5% v/v CQ2 for 4 hr, after which medium was replaced with 1 ml 
of RPMI containing 10% vAr FBS and incubation continued overnight (18 hr). 

Cells were suspended with trypsin, centrifiiged and resuspended in PBS according to the 
25 protocol described in Exan^le 10. 

Live and dead cell numbers were determined by trypan blue staining (0.2%) and counting 
in quadriplicate on a haemocytometer slide. Results are presented in Figures 25 A, 252B, 
25C and 25D (refer to the Figure Legmds for details). 

30 
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Ttiose skilled in tiie art will qipreciate that the invention described herein is susceptible to 
variations and modifications other than those specifically described. It is to be understood 
that the invention includes all such variations and modifications. The invention also 
includes all of the steps, features, compositions and con^raunds referred to or indicated in 
5 this specification, individually or collectively, and any and all combinations of any two or 
more of said steps or features. 



\ 
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CLAIMS 

1. A genetic construct con^rising a sequoice of nucleotides substantially 
identical to a target endogenous sequence of nucleotides in the genome of a vertebrate 
anunal cell wherein upon introduction of said genetic construct to said animal cell, an 
RNA transcript resulting fiom transcription of a gene conq)rising said endogenous target 
sequence of nucleotides exhibits an alteted edacity for translation into a proteinaceous 
product 

2. A genetic construct according to Claim 1 wherem the vertebrate animal cell 
is fiom a mammal, avian species, fish or reptile. 

3. A genetic construct according to Claim 2 wherein die vertebrate flnimfli cell 
is fiom a mammal. 

4. A genetic construct according to Claim 3 wherem the mammfll is a hmnari^ 
priinate, livestock animal or laboratory test animal. 

5. A genetic construct according to Claim 4 wherein the Tnnmmai is a murine 
species. 

6 . A genetic construct according to Claim 4 wherein the msmtmn} is a hmqy n , 

7. A genetic construct according to Claim 1 wherein ike construct further 
conqnises a nucleotide sequence conq)lementary to said target endogenous nucleotide 
sequence. 

8. A genetic constnict according to Claim 7 herein the nucleotide sequences 
identical and complementary to said target endogenous nucleotide sequmces are separated 
by an intron sequence. 
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9. A genetic construct according to Claim 8 wherein &e intron sequence is an 
intron fiom a gene encoding jS-globin. 

10. A genetic construct according to Claim 9 wherein the /3-globin intron is 
human jS-globin intron 2. 

11. A genetic construct according to any one of Claims 1 to 10 wherein there is 
substantially no reduction in the level of transcription of said gene comprising the 
endogenous target sequence. 

12. A genetic construct according to any one of Claims 1 to 10 wherein the total 
level of RNA transcribed from said gene conqnising said mdogenous target sequence of 
nucleotides is not substantially reduced. 

13. A genetic construct conqnising:- 

(i) a nucleotide sequence substantially identical to a target endogmous 
sequence of nucleotides in ttie genome of a vertebrate animal cell; 

(ii) a single nucleotide sequ^ce substantially complementary to said 
target endogenous nucleotide sequence defined in (i); 

(iii) an intron nucleotide sequence separating said nucleotide sequence of 
(i)and(ii); 

wherdn upon introduction of said construct to said animal cell, an RNA transcript 
resulting fiom transcription of a gene comprising said endogenous target sequoice of 
nucleotides exhibits an altered cq)acity for transcription. 

14. A genetic construct according to Claim 13 wherein the vertd>rate animal 
cell is fiom a mammal^ avian sp ecies, fish or rq)tile. 
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15. A genedc construct accoidiiig to Claim 14 wherein the vertebiate animal 
cell is fiom amammaL 

16. A genetic construct according to Claim IS wherein the mammal a fiiimflii^ 
primate, livestock animal or laboratory test animal 

17. A genetic construct according to Claim 16 wherem the mammal is a murine 
species. 

18. A genetic constnict according to Claim IS wherein the mamnud is a human. 

19. A genetic construct according to any one of Claims 13 to 18 wherein there 
is substantially no reduction in the level of transcription of said gene comprising the 
radogenous target sequence. 

20. A genetic construct according to any one of Claims 13 to 18 wherein total 
level of RNA transoibed Sxm said gene comprising said endogenous target sequoice of 
nucleotides is not substantially reduced. 

21 . A genetic construct comprising:- 

(i) a nucleotide sequence substantially identical to a target endogenous 
sequence of nucleotides in the genome of a vertebrate animal cell; 

(ii) a nucleotide sequence substantially complementary to said target 
endogenous nucleotide sequence defined in (i); 

(iii) an intron nucleotide sequence separating said nucleotide sequence of 
(i)andCii); 
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wherdn upon infroduction of said construct to said animal cell, an RNA transact 
resulting from transcription of a gene conqnising said mdogenons target sequence of 
nucleotides exhibits an altered cjqiacity for translation into a protednaceous product and 
wherein fhrae is substantially no reduction in the level of transcription of said gene 
comprising the endogenous target sequence and/or total level of RNA transcribed from 
said gene coniprising said mdogenous target sequaice of nucleotides is not substantially 
reduced. 

22. A genetic construct according to Claim 21 wherein the vertebrate m\rr}^ \ 
cell is from a mammal, avian species, fish or r^tile. 

23. A genetic construct according to Claim 22 wherein the vertebrate animal 
cell is from a mammal. 

24. A genetic construct according to Claim 23 wherein the Tnarmnal is a human, 
primate, livestock animal or laboratory test aniinnl 



25. A genetic construct according to Claim 24 \tiierein the matnmfll is a murine 
species. 

26. A graetic construct according to Claim 24 wherein the mammflf is a human. 

27. A genetically modified vertebrate animal cell characterized in tiiat said cell:- 



(i) conq)rises a sense copy of a target endogoious nucleotide sequence 
introduced into said cell or a parent cell thereof; and 



(ii) conqnises substantially no proteinaceous product encoded by a gene 
compilsing said endogenous target nucleotide sequence conqiared to 
a non-genetically modified form of same celL 
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28. A genetically modified vertebrate animal cell according to Claim 27 
wherein the vertebrate animal cell is fixim amammal, avian species, fish or reptile. 

29. A genetically modified vertebrate animal cell according to Claim 28 
wherein the vertebrate animal cell is fix>m a mammal. 

30. A genetically modified vatd)rate animal cell according to Claim 29 
wherem the mammal is a human, primate, livestock animal or laboratory test animal 

31. A genetically modified vertebrate animal cell acconhng to Claim 30 
wherein the mammal is a murine species. 

32. A genetically modified vertebrate animal cell according to Claim 30 
wherein the manmial is a human, 

33. A genetically modified vertdsrate animal cell according to Claim 27 
wherein the construct fiulfaer conq>rises a nucleotide sequence complementary to said 
target endogenous nucleotide sequoice. 

34. A genetically modified vertebrate animal cell according to Claim 33 
wherein the nucleotide sequences identical and contplementary to said target endogenous 
nucleotide sequences are sq>arated by an intron sequence. 

35. A genetically modified vertebrate animal cell according to Claim 34 
wherein the intron sequence is an intron fiom a gene encoding jS^globin. 

36. A genetically modified vertebrate animal cell according to Claim 35 
wherein the jS-globin intron is human j3-globin intron 2. 
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37. A genetically modified vertebrate animal cell according to any one of 
Claims 27 to 36 i^erein there is substantially no reduction in tiie level of transcription of 
said gene con:q)rising the endogenous target sequence. 

38. A genetically modified vertebrate animal cell according to any one of 
Claims 27 to 36 wherein total level of SNA transcribed firom said gene comprising said 
endogenous target sequence of nucleotides is not substantially reduced 

39. A genetically modified vertd)rate animal cell characterized in that said cell:- 

(i) comprises a sense copy of a target endogenous nucleotide sequence 
introduced into said cell or a parent cell thereof; 

(ii) comprises substantially no proteinaceous product encoded by a gene 
comprising said endogenous target nucleotide sequence compared to 
a non-genetically modified form of same cell; and 

(iii) comprises substantially no reduction in tiie levels of steady state 
total RNA relative to a non-genetically modified form of the same 
ceU. 

40. A genetically modified vertebrate animal cell according to Claim 39 
wherem the vertebrate animal cell is fix>m a msanrrtsU^ avian species, fish or rq>tile. 

41. A genetically modified vertebrate animal cell according to Claim 40 
wherem tiie vertebrate animal cell is &om a mamma} 



42. A graetically modified vertebrate animal cell according to Claim 41 

wherein the mammal is a human, primate, livestock animal or laboratory test animaL 
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43. A genetically modified vertebrate animal cell according to Claim 42 
i^ereni the mammal is a murine spedes. 

44. A genetically modified vertebrate animal cell according to Claim 42 
whCTein the mammal is a human. 

45. A genetically modified vertebrate animal cell according to Claim 39 
wherein the cell fiirfh^ comprises a nucleotide sequence complementary to said target 
endogenous nucleotide sequence. 

46. A genetically modified vertebrate animal cell according to Claim 39 
wherein the nucleotide sequences identical and conq>lementary to said target endogenous 
nucleotide sequences are separated by an intron sequence. 

47. A genetically modified vertebrate animal cell according to Claim 46 
wherein the intron sequence is an intron fiom a gene encoding jS-globin. 

48. A genetically modified vertebrate animal cell according to Claim 47 
wherein fhe jS-globin intron is human jS-globin intron 2. 

49. A method of altering the phenotype of a vertebrate animal cell wheroin.said 
phenotype is confeired or otherwise fidlitated by the e}q)ression of an endogenous gene, 
said method comprising introducing a genetic construct into said cell or a parent of said 
cell i;(4ierein the genetic constract comprises a nucleotide sequence substantially idCTtical 
to a nucleotide sequence conqnising said endogenous gene or part th^eof and wherein a 
transcript exhibits an altered capacity for translation into a proteinaceous product 
coiDpared to a cell wi^ut having had the genetic construct introduced 

50. Amethod accordmg to Claim 49 wherein the vertebrate animal cell is fixnn 
a mammal, avian species, fish or reptile. 
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51. A method according to Claim 50 wherem the vertebrate animal cell is from 
a mammal. 

52. A method according to Claim 51 wherein the TnamTni^i is a human, primate, 
livestock animal or laboratory test animal. 

53. A method accotding to Claim 52 wherein the manmifli is a murine species. 

54. A method accotding to Claim SI wherein the mamma] jg a liiimfln 

55. A method according to Claim 49 wherein the construct fiirther comprises a 
nucleotide sequence conq>lementary to said target endogenous nucleotide sequence. 

56- A method according to Claim 49 \«iierem the nucleotide sequences identical 

and complementary to said target endogenous nucleotide sequCTces are separated by an 
intcon sequence. 

57. A method according to Qaim 56 wherein the intion sequence is an intcon 
from a gene encoding jS-globin. 

58. A method according to Claim 57 i^lierein the /S-globin nilron is human p- 
globinintzon2. 

59. A genetically modified animal comprising the genetically modified 
vertebrate animal cells according to any one of Claims 27 to 38. 

60. A genetically modified animal conq)rising the genetically modified 
vertebrate animal cells according to any one of Claims 39 to 48. 



61- A genetically modified murine animal comprising a nucleotide sequence 

substantially idmtical to a target mdogenous sequence of nucleotides in the genome of a 
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cell of said murine animal wherein an SNA transcript resulting fiom transcription of a 
gene conqprising said endogenous target sequace of nucleotides exhibits an altered 
cq>acity for translation into a proteinaceous product 

62. A genetically modified murine animal according to Claim 61 wherein the 
construct further comprises a nucleotide sequence complementary to said target 
endogenous nucleotide sequence. 

63. A genetically modified murine animal according to Claim 61 wherein the 
nucleotide sequences identical and complementary to said target endogenous nucleotide 
sequences are sq)arated by an intron sequence. 

64. A genetically modified murine animal according to Claim 63 whraein the 
intron sequence is an intron &om a gene ^coding jS-globiiL 

65 . A genetically modified murine animal according to Claim 64 wherein the jS- 
globin intron is human /3-globin intron 2. 

66. A geneticaUy modified murine anirnal according to any one of Claixns 61 to 
65 wherein there is substantially no reduction in the level of transcrqition of said gene 
conq>rising the endogenous target sequence. 

67. A genetically modified murine animal according to any one of Claims 61 to 
65 wherein total level of RNA transoibed bom said gene comprising said endogenous 
target sequence of nucleotides is not substantially reduced. 

68. Use of a genetic construct comprising a sequence of nucleotides 
substantially identical to a target endogenous sequence of nucleotides in the genome of a 
vertebrate animal cell in tiie gCTieration of an animal cell >;<toein an RNA transcript 
resulting fi:om transcription of a gene comprising said endogenous target sequence of 
nucleotides exhibits an altered cspacity for translation into a proteinaceous product 
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69. Use according to Claim 68 wherein fiie vertebrate animal cell is from a 
mammal, avian species, fish or rqptile. 

70. Use accozxling to Claim 69 wherein the vertdnate animal cell is &om sl 
mammal. 

71. Use according to Claim 70 wherem the mammal is a hmnan, primate, 
livestock animal or laboratory test animal. 

72. Use according to Claim 71 wherein the msmmst) is a murine species. 

73 . Use according to Claim 7 1 wherdn tiie mnmmai is a humazL 

74. Use according to Claim 68 wherein the construct further compmes a 
nucleotide sequence complanentary to said target endogenous nucleotide sequence. 

75. Use according to Clahn 74 wherein the nucleotide sequences identical and 
canq>lementary to said target endogenous nucleotide sequences are separated by an mtron 
sequence. 

76. Use according to Claim 75 wherein the intron sequence is an intron bom a 
gene encoding iS-globin. 

77. Use according to Claim 76 wherein ttie jS-globin mtion is hunoan /^globin 
intron 2. 

78. Use according to any one of Claims 68 to 77 \^erein there is substantially 
no reduction in flie level of transcription of said gene comprising the eodogenous target 
sequence. 
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79- Use according to any one of Claixns 68 to 77 wherein total level of KNA 

transcribed from said gene comprising said endogenous target sequence of nucleotides is 
not substantially reduced. 

80. A method of genetic therapy in a vertebrate animal, said method comprising 
introducing into cells of said animal a construct comprismg a sequmce of nucleotides 
substantially identical to a target endogenous sequence of nucleotides in the genome of 
said animal cells such that iq)on introduction of said nucleotide sequence, RNA transcript 
resulting from transcription of a gene comprising said endogenous target sequence of 
nucleotides exhibits an altered capacity for translation into a proteinaceous product 

81. A method according to Claim 80 ^«em tiie vertd>rate animal is a 
mammal, avian species, fish or reptile. 

82. A method according to Qaim 81 wherem the vertebrate animal is a 
mammal. 

83. A method according to Claun 82 wherein the mammal is a human, primate, 
livestock animal or laboratory test animaL 

84. A method according to Qaim 83 whmin the Tnamiwai is a murine species. 

85 . A method accordmg to Qahn 83 wherein the mammal is a human. 

86. A method according to Qaim 80 wherein said introduced nucleotide 
sequence finther comprises a nucleotide sequence complementary to said target 
endogenous nudeotide sequence. 

87. A mediod according to Qaim 86 ^a:ein the nucleotide sequences identical 
and compleme n tary to said target endogenous nucleotide sequences are separated by an 
intron sequence. 



wo 01/70949 



PCT/AUOl/00297 



-138- 



88. A method acconliiig to Claim 87 wfa^^ the intcon sequence is an intton 
fiom a geae eacoding jS-globin. 

89. A me&od according to Claim 88 wherein the jS^globin intron is human P- 
globinintron2. 

90. A method according to any one of Claims 80 to 89 wherein there is 
substantially no reduction in flie level of transcr^tion of said gene conqyzising the 
endogenous taiget sequence. 



91. A mdhod according to any one of Claims 80 to 89 wherein total level of 

RNA transcribed fiom said gene conqnising said endogenous target sequence of 
nucleotides is not substantially reduced. 
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Figure 4 
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Figure 6 
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